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BACKBONE MODIFIED OLIGONUCLEOTIDE ANALOGUES 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is a continuation-in-part of 
U.S. Serial No. 703,619 filed May 21, 1991 that in turn is 
5 a continuation-in-part of U.S. Serial No. 566,836 filed on 
August 13, 1990 and U.S. Serial No. 558,663 filed on July 
27, 1990 all of which are assigned to the assignee of this 
application and are incorporated by reference herein. 

FIELD OF THE INVENTION 

10 This invention relates to the design, synthesis 

and application of nuclease resistant oligonucleotide ana- 
logues which are useful for therapeutics, diagnostics and 
as research reagents. Oligonucleotide analogues are pro- 
vided that have modified linkages which replace phosphoro- 

15 diester bonds which normally serve as inter-sugar linkages 
in natural nucleic acids. Such analogues are resistant to 
nuclease degradation and are capable of modulating the 
activity of DNA and RNA. Methods for synthesizing these 
oligonucleotide analogues and for modulating the production 

20 of proteins, utilizing the oligonucleotide analogues of the 
invention are also provided as are intermediate composi- 
tions and methods. 



BACKGROUND OF THE INVENTION 

It is well known that most of the bodily states 
25 in mammals including most disease states, are effected by 
proteins. Such proteins, either acting directly or through 
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their enzymatic functions, contribute in major proportion 
to many diseases in animals and man. 

Classical therapeutics has generally focused upon 
interactions with such proteins in an effort to moderate 
5 their disease causing or disease potentiating functions. 
Recently, however, attempts have been made to moderate the 
actual production of such proteins by interactions with the 
molecules, i.e. intracellular RNA, that direct their synthe- 
sis. These interactions have involved the hybridization of 

10 complementary "antisense" oligonucleotides or certain ana- 
logues thereof to RNA. Hybridization is the sequence- 
specific hydrogen bonding of oligonucleotides or oligonuc- 
leotide analogues to RNA or single stranded DNA. By inter- 
fering with the production of proteins, it has been hoped 

15 to effect therapeutic results with maximum effect and 
minimal side effects. In the same way, oligonucleotide 
analogues may modulate the production of proteins by an 
organism. 

The pharmacological activity of antisense oligo- 
20 nucleotides and oligonucleotide analogues, like other ther- 
apeutics, depends on a number of factors that influence the 
effective concentration of these agents at specific intra- 
cellular targets. One important factor for oligonucleo- 
tides is the stability of the species in the presence of 
25 nucleases. It is unlikely that unmodified oligonucleotides 
will be useful therapeutic agents because they are rapidly 
degraded by nucleases. Modifications of oligonucleotides 
to render them resistant to nucleases is therefore greatly 
desired. 

30 Modifications of oligonucleotides to enhance 

nuclease resistance have generally taken place on the phos- 
phorus atom of the sugar-phosphate backbone. Phosphor othio- 
ates, methyl phosphonates , phosphor amidates and phosphotri- 
esters have been reported to confer various levels of 

35 nuclease resistance; however, the phosphate modified oligo- 
nucleotides have generally suffered from inferior hybri- 
dization properties. Cohen, J.S., ed. Oligonucleotides: 
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Antisense Inhibitors of Gene Expression, (CRC Press, Inc., 
Boca Raton FL, 1989). 

Another key factor is the ability of antisense 
compounds to traverse the plasma membrane of specific cells 
5 involved in the disease process. Cellular membranes consist 
of lipid-protein bilayers that are freely permeable to 
small, nonionic, lipophilic compounds and inherently 
impermeable to most natural metabolites and therapeutic 
agents. Wilson, D.B. Ann. Rev. Biochem. 47:933-965 (1978). 
10 The biological and antiviral effects of natural and 

modified oligonucleotides in cultured mammalian cells have 
been well documented, thus it appears that these agents can 
penetrate membranes to reach their intracellular targets. 
Uptake of antisense compounds into a variety of mammalian 
15 cells, including HL-60, Syrian Hamster fibroblast, U937, 
L929, CV-1 and ATH8 cells has been studied using natural 
oligonucleotides and certain nuclease resistant analogues, 
such as alkyl triesters, Miller, P.S., Braiterman, L.T. and 
Ts'O, P.O. P., Biochemistry 16:1988-1996 (1977); methyl 
20 phosphonates , Marcus-Sekura, C.H., Woerner, A.M., Shino- 
zuka, K. , Zon, G. , and Quinman, G.V. , Nuc. Acids Res. 
15:5749-5763 (1987) and Miller, P.S., McParland, K.B., 
Hayerman, K. and Ts'O, P.O. P., Biochemistry 16: 1988-1996 
(1977) and Loke, S.K., Stein, C. , Zhang, X.H. Avigan, M. , 
25 Cohen, J. and Neckers, L.M. Top. Microbiol. Immunol. 141: 
282:289 (1988) . 

Often, modified oligonucleotide and oligonucleo- 
tide analogues are less readily internalized than their 
natural counterparts. As a result, the activity of many 
30 previously available antisense oligonucleotides has not 
been sufficient for practical therapeutic, research or 
diagnostic purposes. Two other serious deficiencies of 
prior art oligonucleotides that have been designed for 
antisense therapeutics are inferior hybridization to intra- 
35 cellular RNA and the lack of a defined chemical or enzyme- 
mediated event to terminate essential RNA functions. 
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Modifications to enhance the effectiveness of the 
antisense oligonucleotides and overcome these problems have 
taken many forms. These modifications include base ring 
modifications, sugar moiety modifications and sugar-phos- 
5 phate backbone modifications. Prior sugar-phosphate back- 
bone modifications, particularly on the phosphorus atom 
have effected various levels of resistance to nucleases. 
However, while the ability of an antisense oligonucleotide 
to bind to specific DNA or RNA with fidelity is fundamental 
10 to antisense methodology, modified phosphorus oligonucleo- 
tides have generally suffered from inferior hybridization 
properties . 

Replacement of the phosphorus atom has been an 
alternative approach in attempting to avoid the problems 

15 associated with modification on the pro-chiral phosphate 
moiety. Some modifications in which replacement of the 
phosphorus atom has been achieved are; Matteucci, M. 
Tetrahedron Letters 31:2385-2388 (1990), wherein replace- 
ment of the phosphorus atom with a methylene group is 

20 limited by available methodology which does not provide for 
uniform insertion of the formacetal linkage throughout the 
backbone, and its instability, making it unsuitable for 
work; Cormier, et al. Nucleic Acids Research 16:4583-4594 
(1988) , wherein replacement of the phosphorus moiety with a 

25 diisopropylsilyl moiety is limited by methodology, 

solubility of the homopolymers and hybridization pro- 
perties; Stirchak, et al. Journal of Organic Chemistry 
52:4202-4206 (1987) wherein replacement of the phosphorus 
linkage by short homopolymers containing carbamate or 

30 morpholino linkages is limited by methodology, the solu- 
bility of the resulting molecule, and hybridization pro- 
perties; Mazur, et al. Tetrahedron 40:3949-3956 (1984) 
wherein replacement of the phosphorus linkage with a 
phosphonic linkage has not been developed beyond the 

35 synthesis of a homotrimer molecule; and Goodchild, J. , 
Bioconjugate Chemistry 1:165-187 (1990) wherein ester 
linkages are enzymatically degraded by esterases and are 
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therefore unsuitable to replace the phosphate bond in 
antisense applications. 

The limitations of the available methods for 
modification of the phosphorus backbone have led to a 
5 continuing and long felt need for other modifications which 
provide resistance to nucleases and satisfactory hybrid- 
ization properties for antisense oligonucleotide diag- 
nostics, therapeutics, and research, 

OBJECTS OP THE INVENTION 

It is an object of the invention to provide 
oligonucleotide analogues for use in antisense oligonucleo- 
tide diagnostics, research reagents, and therapeutics. 

It is a further object of the invention to 
provide oligonucleotide analogues which possess enhanced 
cellular uptake. 

Another object of the invention is to provide 
such oligonucleotide analogues which have greater efficacy 
than unmodified antisense oligonucleotides. 

It is yet another object of the invention to 
provide methods for synthesis and use of such oligonucleo- 
tide analogues. 

These and other objects will become apparent to 
persons of ordinary skill in the art from a review of the 
present specification and the appended claims. 

25 SUMMARY OP THE INVENTION 

Compositions useful for modulating the activity 
of an RNA or DNA molecule in accordance with this invention 
generally comprise oligonucleotide analogues having at 
least portions of their backbone linkages modified. In 

30 these modifications the phosphorodiester linkage of the 

sugar phosphate backbone found in natural nucleic acids has 
been replaced with various four atom linking groups. Such 
four atom linking groups maintain a desired four atom 
spacing between the 3 9 -carbon of one sugar or sugar ana- 

35 logue and the 4 ' -carbon of the adjacent sugar or sugar 



10 



15 



20 
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analogue. Oligonucleotide analogues made in accordance 
with the teachings of the invention are comprised of a 
selected sequence which is specifically hybridizable with a 
preselected nucleotide sequence of single stranded or 
5 double stranded DNA or RNA. They are synthesized con- 
veniently , through known solid state synthetic methodology , 
to be complementary to or at least to be specifically 
hybridizable with the preselected nucleotide sequence of 
the RNA or DNA. Nucleic acid synthesizers are commercially 
10 available and their use is generally understood by persons 
of ordinary skill in the art as being effective in gener- 
ating nearly any oligonucleotide or oligonucleotide ana- 
logue of reasonable length which may be desired. 

In the context of this invention, the term 
15 "nucleoside" as the term is used in connection with this 

invention refers to the unit made up of a heterocyclic base 
and its sugar. The term "nucleotide" refers to a nucleo- 
side having a phosphate group on its 3 ' or 5' sugar 
hydroxy 1 group. Thus nucleosides, unlike nucleotides, have 
20 no phosphate group. "Oligonucleotide" refers to a plurality 
of joined nucleotide units formed in a specific sequence 
from naturally occurring bases and pentofuranosyl groups 
joined through a sugar group by native phosphodiester 
bonds. These nucleotide units may be nucleic acid bases 
25 such as guanine, adenine, cytosine, thymine or uracil. The 
sugar group may be a deoxyribose or ribose. This term 
refers to both naturally occurring and synthetic species 
formed from naturally occurring subunits. 

"Oligonucleotide analogue" as the term is used in 
30 connection with this invention, refers to moieties which 
function similarly to oligonucleotides but which have non- 
naturally occurring portions. Oligonucleotide analogues 
may have altered sugar moieties, altered base moieties or 
altered inter-sugar linkages. For the purposes of this 
35 invention, an oligonucleotide analogue having non-phospho- 
diester bonds, i.e. an altered inter-sugar linkage, can 
alternately be considered as an "oligonucleoside. " Such an 
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oligonucleoside thus refers to a plurality of joined nuc- 
leoside units joined by linking groups other than native 
phosphodiester linking groups. Additionally for the 
purposes of this invention the terminology "oligomers" can 
5 be considered to encompass oligonucleotides, oligonucleo- 
tide analogues or oligonucleosides. Thus in speaking of 
"oligomers" reference is made to a series of nucleosides or 
nucleoside analogues that are joined together via either 
natural phosphodiester bonds or via other linkages in- 
10 eluding the four atom linkers of this invention. Generally 
while the linkage is from the 3' carbon of one nucleoside 
to the 5' carbon of a second nucleoside, the term "oligo- 
mer" can also include other linkages such as a 2' - 5 7 
linkage. 

15 Oligonucleotide analogues may also comprise other 

modifications consistent with the spirit of this invention, 
and in particular such modifications as may increase nuc- 
lease resistance of the oligonucleotide composition in 
order to facilitate antisense therapeutic, diagnostic, or 

20 research reagent use of a particular oligonucleotide. For 
example, when the sugar portion of a nucleoside or nucleo- 
tide is replaced by a carbocyclic or other moiety, it is no 
longer a sugar. Moreover, when other substitutions, such a 
substitution for the inter-sugar phosphorodiester linkage 

25 are made, the resulting material is no longer a true nuc- 
leic acid species. All such are denominated as analogues, 
however. Throughout this specification, reference to the 
sugar portion of a nucleic acid species shall be understood 
to refer to either a true sugar or to a species taking the 

30 traditional space of the sugar of natural nucleic acids. 
Moreover, reference to inter-sugar linkages shall be taken 
to include moieties serving to join the sugar or sugar 
analogue portions together in the fashion of natural 
nucleic acids. 

35 In accordance with the present invention, novel 

types of antisense oligonucleotide analogues and oligonuc- 
leosides are provided which are modified to enhance eel- 
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lular uptake, nuclease resistance, and hybridization pro- 
perties and to provide a defined chemical or enzymatically 
mediated event to terminate essential RNA functions. 

It has been found that certain classes of oligo- 
5 nucleotide analogue compositions can be useful in thera- 
peutics and for other objects of this invention. Such 
oligonucleotide analogues are comprised of subunits, at 
least some of which have the structure: 




wherein B x is a variable base moiety; Q is 0, CH 2 , CHF or 
10 CF 2 and X is H; OH; C t to C 10 lower alkyl, substituted lower 
alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; 
O-, S-, or N-alkyl; O-, S-, or N-alkenyl; S0CH 3 ; S0 2 CH 3 ; 
ON0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl; heterocycloalkaryl; 
aminoalkylamino ; polyalkylamino or substituted silyl. 
15 Moreover, X can be an RNA cleaving group; a group for 

improving the pharmacokinetic properties of an oligonucleo- 
tide; or a group for improving the pharmacodynamic 
properties of an oligonucleotide. 

L t and L 4 are, independently, CH 2 , C=0, C=S, C-NH 2 , 
20 C-NHR 3 , C-OH, C-SH, C-O-R, or C-S-R, . L 2 and are, inde- 
pendently, CR^, OCRjRg, C=NR 3 , P(0)R 4/ P(S)R 4 , C=0, C=S, O, 
S, SO, S0 2 , NR 3 or SiR5R 6 ; or together, form part of an 
alkene, alkyne, aromatic ring, carbocycle or heterocycle. 
L 1# Lg, L3 and L 4 are as noted with the proviso that if L 1 is 
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C=0 or C=S then L 2 is not NR 3 or if L 4 is C=0 or C=S then L3 
is not NR 3 . Further L 1# L 2 , Lj and L 4 , together, may com- 
prise a -CH=N-NH-CH 2 - or -CH 2 -0-N=CH- moiety. 

R t and R 2 are, independently, H; OH; SH; NH 2 ; C 1 to 
5 C 10 alkyl, substituted alkyl, alkenyl, alkaryl or aralkyl; 
alkoxy; thioalkoxy; alkylamino; aralkylamino; substituted 
alkylamino; heterocycloalkyl; heterocycloalkylamino; amino- 
alkylamino; polyalkylamino; halo; formyl; keto; benzoxy; 
carboxamido; thiocarboxamido; ester; thioester; carbox- 
10 amidine; carbamyl; ureido or guanidino. They may also 

independently comprise an RNA cleaving group; a group for 
improving the pharmacokinetic properties of an oligo- 
nucleotide; or a group for. improving the pharmacodynamic 
properties of an oligonucleotide; 
15 R 3 is H, OH, NH 2 , lower alkyl, substituted lower 

alkyl, alkoxy, lower alkenyl, aralkyl, alkylamino, aralkyl- 
amino, substituted alkylamino, heterocycloalkyl, hetero- 
cycloalkylamino, aminoalkylamino, polyalkylamino, an RNA 
cleaving group, a group for improving the pharmacokinetic 
20 properties of an oligonucleotide or a group for improving 

the pharmacodynamic properties of an oligonucleotide. R 4 is 
OH, SH, NH 2 , 0-alkyl, S-alkyl, NH-alkyl, O-alkylheterocyclo, 
S-alkylheterocyclo, N-alkylheterocyclo or a nitrogen- 
containing heterocycle. 
25 Rg and R 6 are, independently, c 1 to C 6 alkyl or 

alkoxy; provided that if L 2 is P(0)R 4 and R 4 is OH and X is 
OH and B x is uracil or adenine, then L3 is not 0; and that 
if L t , L 2 and L 4 are CH 2 and X is H or OH and Q is 0 then L3 
is not S, SO or S0 2 . 
30 in accordance with preferred embodiments, the 

oligonucleotide analogues of the invention comprise sugar 
moieties, such that Q is O. In accordance with other em- 
bodiments, each of L 1 and L 4 is CR^. It is also preferred 
that L 2 and 1^ be, independently, CR<jR 2 , 0, P(0)R 4 , P(S)R 4 or 
35 NR 3 and especially that one of L 2 and be CR 1 R 2 and the 
other of L 2 and 1^ be P(0)R 4 or P(S)R 4 . Combinations where 
L 2 is O and Lj is P(0)R 4 or P(S)R 4 are also preferred. 
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In accordance with other preferred embodiments, 
the oligonucleotide analogues of this invention are such 
that each of L 2 and L3 is NR 3 where R 3 is preferably H. 
Alternatively , the analogues of the invention may be such 
5 that 1*2 and L3 taken together, form a portion of a cyclo- 
propyl, cyclobutyl, ethyleneoxy, ethyl aziridine or sub- 
stituted ethyl aziridine ring. L 2 and L3 taken together may 
also form a portion of a C 3 to C 6 carbocycle or 4-, 5-or 6- 
membered nitrogen heterocycle. 
10 It is preferred that the oligonucleotide ana- 

logues be such that X is H or OH, or, alternatively F, O- 
alkyl or O-alkenyl, especially where Q is O. The group B x 
is preferably adenine, guanine, uracil, thymine, cytosine, 
2-aminoadenosine or 5-methylcytosine, although other non- 
15 naturally occurring species may be employed. 

Other preferred embodiments are those where L t and 
L 4 are each CH 2 , especially where L 2 and L3 are each NH. 
Alternatively, one of L 2 and L3, preferably, L3, is O and 
the other of L 2 and L3 is NH» 
20 It is preferred that the oligonucleotide ana- 

logues of the invention comprise from about 5 to about 50 
subunits having the given structure. While substantially 
each subunit of the oligonucleotide analogues may have said 
structure, it is also desirable for substantially alter- 
25 nating subunits to have said structure. 

The oligonucleotide analogues of this invention 
are preferably prepared in a pharmaceutical^ acceptable 
carrier for therapeutic administration to patients. The 
analogues are believed to exhibit improved nuclease resis- 
30 tance as compared to corresponding natural oligonucleo- 
tides . 

This invention is also directed to methods for 
modulating the production or activity of a protein in an 
organism comprising contacting the organism with an oligo- 
35 nucleotide analogue specifically hybridizable with at least 
a portion of a nucleic acid sequence coding for said pro- 
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tein, wherein at least some of the subunits of the analogue 
have the foregoing structure. 

Additionally, the invention is directed to 
methods for treating an organism having a disease char- 
5 acterized by the undesired production of a protein com- 
prising contacting the organism with an oligonucleotide 
analogue hybridizable with at least a portion of a nucleic 
acid sequence coding for said protein, either alone or in a 
pharmaceutically acceptable carrier, wherein at least some 

10 of the subunits of the analogue have the given structure. 

This invention also provides methods for synthe- 
sizing oligonucleotide analogues including those useful in 
the practice of the therapeutic methods of the invention 
comprising providing a first moiety comprising the 

15 structure: 




and a second moiety comprising the structure: 

a" 

4 

wherein B x is a variable base moiety; Q is o, CH 2 , CHF or 
CF 2 ; and E 1 and E 2 are the same or different and are elec- 
trophilic reactive groups; and coupling said first and 
20 second moieties with a linking group through said elec- 

trophilic reactive groups to form said oligonucleotide ana- 
logue. In accordance with preferred methods, the electro- 
philic reactive group of the first moiety comprises halo- 
methyl, trif luoromethyl, sulfonylmethyl, p-methyl-benzene 
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sulfonyl- methyl , or 3 ' -C-f ormyl , while the electrophilic 
reactive group of the second moiety comprises halogen, 
sulfonylmethyl, p-methyl-benzene sulfonyl methyl, or 
aldehyde. It is preferred that the linking group be 
5 hydrazine or hydroxylamine. 

The invention also provides a method of protec- 
ting the L 2 or L3 nitrogen moiety of an oligonucleotide 
analogue as described above wherein one of L 2 or L3 is NR 3 
and R 3 is H. This method includes blocking the nitrogen 
10 moiety with phenoxyacetylchlor ide , further reacting the 

oligonucleotide analogue to modify the oligonucleotide and 
deblocking the nitrogen moiety with ammonium hydroxide. 

The invention also provides a method of protec- 
ting a bifunctional nucleoside or oligonucleotide analogue 
15 wherein one of the bifunctionalities is an aldehyde. This 
method includes reacting the aldehyde with methoxyamine to 
form an oxime derivative of the aldehyde, further reacting 
the nucleoside or oligonucleoside analogue to modify the 
nucleoside or oligonucleotide analogue and reacting the 
20 oxime with an acetaldehyde to regenerate the aldehyde. 

The invention also provides a method of synthe- 
sizing an oligonucleotide analogue as described above 
wherein the method includes generating a radical at the 3' 
carbon atom of a pentofuranosyl nucleoside and reacting 
25 that radical with an oxime moiety that is pendent on the 5' 
position of a further pentofuranosyl nucleoside. 

It is useful to formulate therapeutic composi- 
tions where at least one portion of said oligonucleotide 
analogue is incorporated into a further oligonucleotide 
30 species to provide said further oligonucleotide analogue 

with natural phosphodiester bonds substantially alternating 
with areas so coupled. The incorporation is preferably 
achieved by phosphodiester linkage of a desired sequence of 
dinucleotides , said dinucleotides having been previously so 
35 coupled. 

Precursor nucleosides are also contemplated by 
this invention having the structure: 
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Y B 

i \ 

Z x 



wherein B x is a variable base moiety Q is O, CH 2 , CHF or 
CF 2 ; and X is H; OH; C, to C 10 lower alkyl, substituted lower 
alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; 
0-, S-, or N-alkyl; 0-, S-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; 
5 ON0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocycloalkaryl; 
aminoalkylamino; polyalkylamino; substituted silyl; an RNA 
cleaving group; a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving 
the pharmacodynamic properties of an oligonucleotide. 
10 In such species, Y is hydroxyl, aminomethyl, 

hydrazinomethyl, hydroxymethyl, C-formyl, phthalimido- 
hydroxymethyl, aryl-substituted imidazolidino, amino- 
hydroxy Imethy 1 , ortho-methylaminobenzenethio, methylphos- 
phonate and methyl-alkylphosphonate. Z is H, hydroxy 1, 
15 aminomethyl, hydrazinomethyl, hydroxymethyl, C-formyl, 

phthalimidohydroxymethyl, aryl substituted imidazolidino, 
aminohydroxylmethyl , ortho-methylaminobenzenethio , methyl- 
phosphonate or methyl alkylphosphonate. 

All of the foregoing is with the proviso that 
20 when Q is O and Y is hydroxymethyl and X is H or OH then Z 
is not H or C-formyl; and that when Q is O and X is H or OH 
and Z is hydroxyl then Y is not aminohydroxylmethyl, hydra- 
zinomethyl or aryl-substituted imidazolidino. It is 
preferred that X be H or OH and that Q be O. 
25 Oligonucleotide analogues having modified sugar 

linkages have been found to be effective in accomplishing 
these goals. The oligonucleotide analogues may preferably 
range in size from about 5 to about 50 nucleic acid base 
subunits in length. Oligonucleotide analogues described in 
30 this invention are hybridizable with preselected nucleotide 
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sequences of single stranded or double stranded DNA and 
RNA. The nucleic acid bases which comprise this invention 
may be pyrimidines such as thymine, uracil or cytosine or 
purines such as guanine or adenine, or modifications 
5 thereof such as 5-methylcytosine, arranged in a selected 
sequence. The sugar moiety may be of the ribose or 
deoxyribose type or a sugar mimic such as a carbocyclic 
ring. In accordance with one preferred embodiment of this 
invention, the oligonucleotide analogues or oligonucleo- 
10 sides hybridize to HIV mRNA encoding the tat protein, or to 
the TAR region of HIV mRNA. In another preferred embod- 
iment, the oligonucleotide analogues or oligonucleosides 
mimic the secondary structure of the TAR region of HIV 
mRNA, and by doing so bind the tat protein. Other pre- 
15 ferred antisense oligonucleotide analogue or oligo- 

nucleoside sequences include complementary sequences for 
herpes, papilloma and other viruses. 

The modified linkages of this invention pre- 
ferably are comprised of a four atom linking group to 
20 replace the naturally occurring phosphodiester-5' -methylene 
linkage. Replacement of the naturally occurring linkage by 
four atom linkers of the present invention confers nuclease 
resistance and enhanced cellular uptake upon the resulting 
oligonucleotide analogue. Included within the four atom 
25 linker is preferably a 3'-deoxy function on one of the 

linked sugars. The four atom linker is of the structure - 
I^-Lj-Lj-L^- wherein L t and L 4 are methylene carbon atoms or 
substituted carbon atoms and L 2 and L3 are methylene carbon 
atoms, substituted carbon atoms, oxygen atoms, nitrogen or 
30 substituted nitrogen atoms, substituted phosphorus atoms, 
sulfur or substituted sulfur atoms or substituted silicon 
atoms. It is preferred that the modified linkage occur at 
substantially each linkage location. Alternatively, 
modification may occur at less than every location such as 
35 at alternating linkage locations. The linkage may be 
neutral or may be positively or negatively charged. 
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This invention is also directed to methods for 
synthesizing such oligonucleosides. The invention pro- 
vides for the coupling of a 3 '-deoxy-3 '-substituted, espec- 
ially methyl substituted, nucleoside with a 5'-deoxy-5'- 
5 substituted nucleoside through the addition of a two atom 
fragment or substituted two atom fragment. The addition 
reaction may occur through a stepwise procedure involving 
the activation of the 3' and 5' positions of respective 
nucleosides to a variety of suitable electrophilic 
10 moieties, followed by the addition of a suitable linking 

group to react with the electrophiles. In the alternative, 
the procedure may occur in a concerted manner. Such 
methods may employ solid supports via a DNA synthesizer, by 
manual manipulation of the support, or otherwise. 
15 This invention is also directed to methods for 

modulating the production of proteins by an organism com- 
prising contacting the organism with a composition formul- 
ated in accordance with the foregoing considerations. It 
is preferred that the RNA or DNA portion which is to be 
20 modulated be preselected to comprise that portion of DNA or 
RNA which codes for the protein whose formation or activity 
is to be modulated. The targeting portion of the composi- 
tion to be employed is, thus, selected to be complementary 
to the preselected portion of DNA or RNA, that is to be an 
25 antisense oligonucleotide for that portion. 

This invention is also directed to methods for 
treating an organism having a disease characterized by the 
undesired production of a protein. This method comprises 
contacting the organism with a composition in accordance 
30 with the foregoing considerations. The composition is pre- 
ferably one which is designed to specifically bind with 
messenger RNA which codes for the protein whose production 
or activity is to be modulated. The invention further is 
directed to diagnostic methods for detecting the presence 
35 or absence of abnormal RNA molecules or abnormal or 
inappropriate expression of normal RNA molecules in 
organisms or cells. 
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This invention is also directed to methods for 
the selective binding of RNA for research and diagnostic 
purposes. Such selective, strong binding is accomplished 
by interacting such RNA or DNA with compositions of the 
5 invention which are resistant to degradative nucleases and 
which hybridize more strongly and with greater fidelity 
than known oligonucleotides or oligonucleotide analogues. 



BRIEF DESCRIPTION OP THE DRAWINGS 

Figure 1 is a schematic, synthetic scheme in 
10 accordance with certain embodiments of the invention; and 
Figure 2 is a schematic, synthetic scheme in 
accordance with further embodiments of the invention. 



DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

The biological activity of the antisense oligo- 

15 nucleotides previously available has not generally been 

sufficient for practical therapeutic research or diagnostic 
use. This invention directs itself to modified oligonuc- 
leotides, i.e. oligonucleotide analogues or oligonucleo- 
sides, and methods for effecting such modifications. These 

20 modified oligonucleotides and oligonucleotide analogues 
exhibit increased stability relative to their naturally 
occurring counterparts. Extracellular and intracellular 
nucleases generally do not recognize and therefore do not 
bind to the backbone modified oligonucleotide analogues or 

25 oligonucleosides of the present invention. Any binding by 
a nuclease to the backbone will not result in cleavage of 
the nucleosidic linkages due to the lack of sensitive 
phosphorus-oxygen bonds. In addition, the resulting, novel 
neutral or positively charged backbones of the present 

30 invention may be taken into cells by simple passive trans- 
port rather than requiring complicated protein mediated 
processes. Another advantage of the present invention is 
that the lack of a negatively charged backbone facilitates 
the sequence specific binding of the oligonucleotide 

35 analogues or oligonucleosides to targeted RNA, which has a 
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negatively charged backbone, and which will accordingly 
repel incoming similarly charged oligonucleotides. Still 
another advantage of the present invention is that sites 
for attaching functional groups which can initiate cat- 
5 alytic cleavage of targeted RNA are found in these 
structure types. 

In accordance with preferred embodiments , this 
invention is directed to replacing inter-sugar phosphate 
groups to yield analogues having linkages as found in the 
10 structure: 




wherein 

B x is a variable base moiety; 
Q is 0, CH 2/ CHF or CF 2 ; 

X is H; OH; C, to C 10 lower alkyl, substituted 
15 lower alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; 

OCN; 0-, S-, or N-alkyl; O-, S-, or N-alkenyl; SOCH 3 ; 

S0 2 CH 3 ; ON0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocyclo- 

alkaryl; aminoalkylamino; polyalkylamino; substituted 

silyl; an RNA cleaving group; a group for improving the 
20 pharmacokinetic properties of an oligonucleotide; or a 

group for improving the pharmacodynamic properties of an 

oligonucleotide; 

I*| and L 4 are, independently, CH 2 , C=0, C=S, C-NH 2 , 

C-NHR 3 , C-OH, C-SH, C-O-^ or C-S-R,; and 
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L 2 and are, independently, CR,R 2 , C^CRfa, C=NR 3 , 
P(0)R 4 , P(S)R 4 , C=0, C=S, O f S, SO, S0 2 , NR 3 or SiR^; or, 
together, form part of an alkene, alkyne, aromatic ring, 
carbocycle or heterocycle; or 
5 L lf L 2 , L3 and L 4 , together, comprise a -CH=N-NH- 

CH 2 - or -CH 2 -0-N=CH- moiety; 

and R 2 are, independently, H; OH; SH; Nr * C 1 to 
C 10 alkyl, substituted alkyl, alkenyl, alkaryl or aralk^; 
alkoxy; thioalkoxy; alkylamino; aralkylamino; substituted 
10 alkylamino; heterocycloalkyl; heterocycloalkylamino; amine 
alkylamino; polyalkylamino; halo; formyl; keto; benzoxy; 
carboxamido; thiocarboxamido; ester; thioester; carbox- 
amidine; carbamyl; ureido ; guanidino ; an RNA cleaving 
group; a group for improving the pharmacokinetic properties 
15 of an oligonucleotide; or a group for improving the phar- 
macodynamic properties of an oligonucleotide; 

R 3 is H, OH, NH 2 , lower alkyl, substituted lower 
alkyl, alkoxy, lower alkenyl, aralkyl, alkylamino, aralkyl- 
amino, substituted alkylamino, heterocycloalkyl, hetero- 
20 cycloalkylamino , aminoalkylamino, polyalkylamino, an RNA 
cleaving group, a group for improving the pharmacokinetic 
properties of an oligonucleotide and a group for improving 
the pharmacodynamic properties of an oligonucleotide; 

R 4 is OH, SH, NH 2 , 0-alkyl, S-alkyl, NH-alkyl, O- 
25 alkylheterocycle, S-alkylheterocycle, N-alkylheterocycle or 
a nitrogen-containing heterocycle; and 

R5 and R 6 are, independently, to C 6 alkyl or 

alkoxy; 

provided that if L 1 is C=0 or C=S then L 2 is not NR 3 or if L 4 
30 is C=0 or C=S then 1^ is not NR 3 ; and that if one of L 2 or 
is c=0 or C=S then the other of L 2 or L3 is not NR 3 ; ; and 
that if L 2 is P(0)R 4 and R 4 is OH and X is OH and B x is 
uracil or adenine, then is not 0; and that if L 1# L 2 and 
L 4 are CH 2 and X is H or OH and Q is O then 1^ is not S, SO 
35 or S0 2 . 

In accordance with preferred embodiments of the 
invention L t and L 4 are methylene groups. In such preferred 
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embodiments one of L 2 or 1^ can comprise an amino group and 
the other comprise an amino group or an oxygen. Thus in 
certain preferred embodiments L 2 and L3 together are hydra- 
zino, aminohydroxy or hydroxyamino. In other preferred 
5 embodiments one of L 1 or L 4 together with one of L 2 or 1^ are 
a CH=N group and the other of L 2 or L3 is an oxygen or 
nitrogen atom thus the linker includes oxime and hydrazone 
groupings, respectively. Such oxime or hydrazone linking 
groups can be reduced to the above referenced aminohydroxy 

10 or hydrazine groups. 

In other preferred embodiments of the present 
invention, L 2 and L3 are substituted carbon, amino, sub- 
stituted amine, oxygen, sulfur, oxides of sulfur, phos- 
phorus or silicon. The substituents on carbon include 

15 hydrogen, hydroxy, thio, amino, lower alkyl, substituted 
lower alkyl, alkoxy, thioalkoxy, lower alkenyl, aralkyl, 
alkylamino, aralkylamino, substituted alkylamino, hetero- 
cycloalky 1 , heterocycloalkylamino , aminoalky lamino , poly- 
alkylamino, halogen, formyl, keto, benzoxy, ester, thio- 

20 ester, carboxamidine, guanidino, an RNA cleaving group, a 
group for improving the pharmacokinetic properties of an 
oligonucleotide or a group for improving the pharmaco- 
dynamic properties of an oligonucleotide. Additional 
preferred embodiments include L 2 and 1^ together being C=C. 

25 Further preferred embodiments include L 2 and L 3 together 
being a C-C, C=C, C-N or N-C two atom pair of a ring 
structure including carbocyclic, aromatic, heteroaromatic 
or heterocyclic rings. Still another preferred embodiment 
of the present invention provides that L 1 and L 4 inde- 

30 pendently are carboxy, thiocarboxy, methy lamino, methy 1- 
hydroxy, methy lthio, ether or thioether. 

The invention is also directed to methods for the 
preparation of oligonucleosides with modified inter-sugar 
linkages. These modifications may be effected using solid 

35 supports which may be manually manipulated or used in con- 
junction with a DNA synthesizer using methodology commonly 
known to those skilled in DNA synthesizer arts. Generally, 
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the procedure involves functionalizing the sugar moieties 
of two nucleosides which will be adjacent to one another in 
the selected sequence. In a 5' to 3' sense, the "upstream" 
nucleoside is generally modified at the 3' sugar site and 
5 is referred to hereinafter as "synthon 1". In one process 
of the invention ribo- and 2 '-deoxyribonucleosides of 
adenine , guanine, cytosine, uracil, thymine and their 
analogues are modified to give their 3 '-deoxy-3-hydroxy- 
methyl analogues. These 3 ' -hydroxymethy 1 groups are then 

10 converted into various types of electrophilic centers. 
This may be accomplished in a number of ways such as the 
following, preferred scheme. 

One class of starting materials, 3'-deoxy-3'- 
hydroxymethyl ribonucleosides, can be prepared as described 

15 by Townsend et al., Tetrahedron Letters, 31:3101-3104 
(1990), Samano, V. and M.J. Morris, Journal of Organic 
Chemistry, 55:5186-5188 (1990) and Bergs trom, D.E., Nucleo- 
sides and Nucleotides 8(8): 1529-1535 (1989). Appropriate, 
known, selective sugar hydroxy 1 protection of these nucleo- 

20 sides followed by standard 2 '-deoxygenation procedures will 
afford the 2' ,3' -dideoxy-3 ' -hydroxymethyl-ribonucleosides . 
Nucleosides of this type can be selectively protected and 
the 3 9 -hydroxymethy 1 moiety functional ized to a variety of 
suitable electrophilic moieties. In accordance with pre- 

25 f erred embodiments of this invention, such electrophilic 
moieties include halomethyl, trif luoromethyl, sulfonyl- 
methyl, p-methylbenzene sulf onylmethyl , hydrazinomethyl or 
3'-C-f ormyl. 

The "downstream" nucleoside is generally modified 
30 at the 5' sugar site and is referred to hereinafter as 

"synthon 2". Modification to produce ribo and 2'- deoxy- 
ribonucleosides of adenine, guanine, cytosine, uracil, 
thymine and their analogues, with their 5 ' -hydroxymethy lene 
group converted into various types of electrophilic centers 
35 can be accomplished through various procedures using com- 
mercially available nucleosides. For example, 5'-deoxy-5'- 
halo nucleoside, 5 ' -deoxy-5 ' -tosy 1 nucleosides, and 5'- 
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aldehydic nucleosides have been prepared by Jones, G.H. and 
J.G. Moffatt in Journal of the American Chemical Society 
90:5337-5338 (1968) . 

In general, synthon 1 may be represented as 
5 comprising the structure: 




while synthon 2 generally comprises the structure: 

Cf' 

wherein B x is a variable base moiety; Q is O, CH 2/ CHF or 
CF 2 ; and E t and E 2 are the same or different and are elec- 
trophilic reactive groups. 

10 The two synthons are coupled via a linking group 

reactive with the electrophilic reactive groups or other- 
wise. Coupling between synthon 1 and synthon 2 may occur 
either stepwise or in a concerted manner and may result in 
dinucleosides linked through the modified linkage of the 

15 present invention or may result in a chain of nucleosides, 
each of which may be linked to the next through said 
modified linkage. 

Coupling via a concerted action may occur between 
the electrophilic centers of synthon 1 and synthon 2 such 

20 as in the presence of ammonia or an ammonia derivative to 
produce a dinucleoside. A preferred embodiment of the 
present invention is the coupling of known, bromomethyl 
type synthons by the addition of hydrazine to produce a 
preferred linkage having -L-j-I^-Lj-L,,- equal to -CH 2 NHNHCH 2 - . 

25 Another preferred embodiment of the present invention is 
the coupling of bromomethyl type synthons by the addition 
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of hydroxylamine to produce a linkage having -I^-I^-Lj-I^- 
egual to -CH 2 NHOCH 2 - or -CH 2 ONHCH 2 -. 

Another procedure whereby inter-sugar linkages 
may be modified to provide the dinucleoside structure 
5 described herein is via a Wittig reaction. Preferably, the 
starting material of such reaction is a 3'-keto nucleoside 
such as described by Townsend, et al. in Tetrahedron 
Letters 31:3101-3104 (1990); Samano, V. and M.J. Morris in 
Journal of Organic Chemistry 55:5186-5188 (1990); and 
10 Bergstrom, D.E., et al. in Nucleosides and Nucleotides 
8(8) : 1529-1535 (1989); or a 5'-aldehydic nucleoside as 
described by Jones, G.H. and J.G. Moffatt in Journal of the 
American Chemical Society 90:5337-5338 (1968). The 
starting material is preferably reacted with a phosphorus 
15 ylide having a benzyl or other protecting group. One 

preferred ylide useful for this invention is triphenylphos- 
phorane-benzyloxymethylidine- Another useful ylide pre- 
ferably used for this invention is triphenylphosphorane- 
benzyloxyethylidine. Reduction of the vinyl group and 
20 hydrogeno lysis of the benzyl protecting group provides 
hydroxymethyl and hydroxyethyl moieties respectively, in 
the 5' or 3' positions of the desired nucleoside of 
guanine, adenine, cytosine, thymine, uracil or the ana- 
logues of these nucleosides. In addition, the Wittig 
25 reaction may be used to provide the 5' and 3' hydroxy alkyl 
moieties of carbocyclic nucleosides. 

Conversion of the hydroxyl groups to provide 
electrophilic centers and subsequent coupling of a 3' 
electrophilic center with a 5' electrophilic center will 
30 afford dinucleosides of the present invention. In one 
embodiment of the invention, the hydroxyl groups are 
converted to provide electrophilic centers such as 
bromides, triflates, and tosylates. Coupling affords 
dinucleosides connected by a carbon chain with one or two 
35 heteroatoms. Preferably such heteroatoms may be O, NH, NR 3 , 
S, SO, S0 2 , P(0)R 4 , P(S)R 4 or SiR^ as depicted in the 
generic formula provided previously. 
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Other useful dinucleosides which likely may be 
derived from a Wittig reaction involving 3' or 5' carbonyl 
nucleosides and triphenylphosphorine methylidine diphenyl- 
phosphonate are phosphonate dinucleosides. This reaction 
5 provides the methyl or ethyl phosphonate which can be con- 
densed with the corresponding 5'- or 3 '-hydroxy group to 
provide 3'- or 5 ' -phosphonate linked oligonucleosides. 
Chemistry of this type has been described in the prepara- 
tion of phosphonates of dinucleosides for the study of 

10 biochemical processes, Moffatt, J.G., et al., Journal of 
American Chemical Society 92:5510-5513 (1970) and Mazur, 
A., B.E. Tropp, and R. Engel, Tetrahedron 40:3949-3956 
(1984) . Utilizing this type of coupling a preferred 
embodiment is prepared by the coupling a 3'-keto nucleoside 

15 to a 5' -nucleoside with a symmetrical bis (methyltriphenyl- 
phosphane)phenylphosphate to provide 3 ' , 5 ' -dimethylphos- 
phonate linked oligonucleotides. 

In addition to the Wittig reaction, 3'-hydroxy- 
methyl nucleosides may also be prepared through the inver- 

20 sion of alpha carbocyclic nucleosides. This will provide 
the desired 3' hydroxymethyl group on the "down" or alpha 
face. This group can now be protected and the 3" -hydroxy 1 
group (identifying the exo-cyclic methyl linked to the 
sugar 3' position as 3" methyl) can be converted to an 

25 hydroxymethyl or longer alkyl group. One method of 

converting the 3 ' ' group involves oxidation to the keto 
group followed by a Wittig reaction with triphenylphos- 
phorine methylidine diphenylphosphonate and reduction. 
Longer hydroxyalkyl groups can be placed in the 3"- 

3 0 position in this manner. This embodiment also provides a 
4 '-desmethyl-3' -hydroxymethyl nucleoside synthon. Coupling 
between this 4'-desmethyl and the normal 3 '-hydroxy- nuc- 
leoside with a two atom coupler will provide dinucleoside 
synthons as described in prior pending application (Serial 

35 No. 566,836 filed August 13, 1990, which application is 

assigned to the assignee of this application) . Coupling of 
the 4 / -desmethyl hydroxyl group with appropriate 3'-syn- 
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thons as described above will provide a number of other 
types of novel dinucleoside synthons. 

Yet another approach to functionalize the methyl 
group of 3 '-deoxy-3' -methyl nucleosides may be elaborated 
5 from 3 ' -deoxy-3 ' -cyanonucleos ides . Parkes , K.E.B. , and K . 
Taylor, Tetrahedron Letters 29:2995-2996 (1988) described a 
general method of synthesis of 3 '-cyano nucleosides. In 
this method, 5'-trityl protected 2'-deoxynucleosides are 
3'-iodinated with methyltriphenylphosphonium iodide. These 
10 materials are then treated with hexamethylditin, t-butyl- 
isonitrile, and 2 , 2 '-azo-bisisobutrylonitrile (AIBN) to 
provide the radical addition of a cyano group to the 3'- 
position. Conversion of the cyano group to the aldehyde 
was accomplished in high yield. Subsequently, the inter- 
15 mediate was converted to hydroxymethyl functions which are 
valuable precursors to the electrophilic synthon 1. 

An additional procedure whereby inter-sugar 
linkages may be modified to provide dinucleosides utilizes 
3'-C-formyl derivatized nucleosides as synthon 1 and 5'- 
20 aminohydroxy derivatized nucleosides as synthon 2. Direct 
coupling of synthons 1 and 2 gave a dinucleoside coupled 
via an oxime linkage. In this instance the oxime is 
present as E/Z isomers. The isomeric compounds are 
separated utilizing HPLC. Further in this instance the 
25 oxime nitrogen atom is adjacent to a carbon atom on the 3 ' 
end of the upstream nucleoside. Dinucleosides having the 
oxime nitrogen adjacent to a carbon atom on the 5' or 
downstream nucleoside are synthesized utilizing a 5'-C- 
formyl derivatized nucleoside as synthon 2 and a 3'-deoxy- 
30 3 ' -aminohydroxymethyl derivatized nucleoside as synthon 1. 
In this instance oxime E/Z isomers are also obtained. In 
both instances the oxime linked dimers are useful for 
direct incorporation into an oligomer or then can be 
reduced to the corresponding hydroxyamino linked dinucleo- 
side. Reduction of oxime linked dinucleosides either as the 
dinucleoside or as a dinucleoside moiety in an oligomer 
with sodium cyanoborohydride yields the corresponding 
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aminohydroxyl linked compounds. The hydroxyamino linked 
dinucleoside or a large oligomer could be alkylated at the 
amino moiety of the aminohydroxyl linkage to yield a 
corresponding N-alkylamino linkage. 
5 The 3'-C-formyl derivatized synthon 1 can be 

formed via several synthetic pathways. The presently pre- 
ferred method utilizes a radical carbonylation of the cor- 
responding 3 '-deoxy-3 '-iodo nucleoside. The iodo compound 
is treated with CO, AIBN, i.e. 2 , 2 ' -azobisisobutrylnitrile, 
10 and TTMS, i.e. tris (trimethylsilyl) silane. Alternately it 
can be synthesized from either a 3 '-deoxy-3 'cyano sugar or 
nucleoside. Both 5'-C-formyl (also identified as 5' -aide- 
hydo) and 3'-C-formyl group can be blocked in a facile 
manner utilizing o-methylaminobenzenthiol as a blocking 
15 group. Both of the 5' and the 3'-C-formyl groups can be 
deblocked with silver nitrate oxidation. 

In an alternate method of 3'-C-formyl nucleoside 
synthesis , l-O-methyl-3 ' -deoxy-3 ' -O-methylaminobenzene 
thiol-5 ' -O-tritvl-fi-D- ervthro -pento furanoside can be used 
20 for its preparation. This compound then serves as a 

precursor for any 3 '-deoxy-3 '-C-formyl nucleoside. The 1- 
O-methyl-3 9 -deoxy-3 ' -O -methyl amino benzenethiol-5 9 -O- 
trityl-B-D- erythro -pentofuranoside is reacted with an 
appropriate base utilizing standard glycosylation con- 
25 ditions followed by deblocking to yield the nucleoside. In 
even a further alternate method a 3 '-deoxy-3 '-cyano nucleo- 
side is prepared from either the corresponding 3 '-deoxy-3 '- 
iodo nucleoside or via a glycosylation reaction with l-O- 
methyl-3 ' -deoxy-3 ' -O- cyano -5 ' -p-trityl-6-D- ervthro -pento- 
3 0 furanoside. 

The 3 * 9 -O-amino-3 ' ' -hydroxymethyl nucleoside and 
the corresponding S'-O-amino nucleoside can be conveniently 
prepared via a protected phthalimido intermediate via 
Mitsunobu conditions using N-hydroxyphthalimide, triphenyl- 
35 phosphine and diisopropylazodicarboxylate. This in turn is 
prepared by a Mitsunobu reaction on the unprotected 
hydroxy! group of the nucleoside. In forming the 3"-0- 
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amino-3' ' -hydroxymethy 1 nucleoside, trityl serves as a 
blocking group for the 5' -hydroxy 1 group of the nucleoside. 
For both purine and pyrimidine nucleosides prior to 
reacting with N-hydroxyphthalimide the 3 9 -hydroxy group is 
5 protected with TBDPS. With pyrimidine bases, in forming 
the S'-O-amino nucleoside the 3 9 -hydroxy 1 can be protected 
with TBDPS blocking groups after introduction of the 
phthalimido on the 5 9 position. 

A further procedure whereby inter-sugar linkages 
10 may be modified to provide phosphonate linked dinucleotides 
utilizes the Michaelis-Arbuzov procedure of Mazur et al., 
Tetrahedron, 20:3949 (1984) for formation of 3'-C-phos- 
phonate dimers. This procedure would utilize a 3'-hydroxy- 
methyl nucleosides as synthon 1. This is treated with N- 
15 bromosuccinimide to yield the corresponding 3 9 9 -bromomethy 1 
derivative. Synthon 2 is selected as a 5 9 —phosphite . 
Coupling of synthons 1 and 2 gives a dinucleoside coupled 
via a 3'-C-phosphonate linkage. The corresponding 5'-C- 
phosphonate dimers could be obtained by first reacting a 
20 suitable blocked phosphite with synthon 1 followed by 
deblocking to yield the 3 '-CH 2 -phosphite intermediate. 
Synthon 2 is selected as a 5'-bromonucleoside. The 3'-CH 2 - 
phosphite intermediate is then reacted with synthon 2 to 
give the 5 9 -C-phosphate dimer. By selecting tribenzylphos- 
25 phite as the blocked phosphite after coupling to synthon 1 
the benzyl groups can be removed by hydrogenolysis. 
Alternately a 5'-deoxy-5'-bromonucleoside is reacted with a 
phosphite ester resulting in a 5 '-phosphonate. This in 
turn is reacted with 3 9 -hydroxymethy 1 nucleoside to yield 
30 the 5 9 -C-phosphonate linked dimer. 

Resulting dinucleosides from any of the above 
described methods, linked by hydrazines, hydroxy 1 amines 
and other linking groups of the inventions, can be pro- 
tected by a dimethoxytrityl group at the 5 9 -hydroxy 1 and 
35 activated for coupling at the 3' -hydroxy 1 with cyanoethyl- 
diisopropylphosphite moieties. These dimers may be 
inserted into any desired sequence by standard, solid 
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phase, automated DNA synthesis utilizing phosphoramidite 
coupling chemistries. Therefore, the protected dinucleo- 
sides are linked with the units of a specified DNA sequence 
utilizing normal phosphodiester bonds. The resulting 
5 oligonucleotide analogue or oligomer has a mixed backbone - 
part normal phosphodiester links and part novel four atoms 
links of the inventions. In this manner, a 15-mer, se- 
quence-specific oligonucleotide can easily be synthesized 
to have seven hydroxy lamine, hydrazine or other type linked 
10 dinucleosides. Such a structure will provide increased 
solubility in water compared to native phosphodiester 
linked oligonucleotides. 

Oligonucleosides containing an uniform backbone 
linkage can be synthesized by use of CPG-solid support and 
15 standard nucleic acid synthesizing machines, i.e., Applied 
Biosystems Inc. 380B and 394 and Milligen/Biosearch 7500 
and 8800s. The initial nucleoside (number 1 at the 3 '-ter- 
minus) is attached to a solid support such as controlled 
pore glass and in sequence specific order each new nucleo- 
20 side is attached either by manual manipulation or by the 
automated synthesizer system. In the case of a methylene- 
hydrazine linkage, the repeating nucleoside unit can be of 
two general types, e.g., a nucleoside with a 5 '-protected 
aldehydic function and a 3 '-deoxy-3 '-C-hydrazinomethyl 
25 group, or a nucleoside bearing a 5'-deoxy-5'-hydrazino 
group protected by an acid labile group and a 3 '-deoxy-3 
C-formyl group. In each case, the conditions which are 
repeated for each cycle to add the subsequent sequence 
required base include: acid washing to remove the 5'-al- 
30 dehydo protecting group; addition of the next nucleoside 
with a 3'-methylenehydrazino group to form the respective 
hydrazone connection; and reduction with any of a variety 
of agents to afford the desired methylene-hydrazine linked 
CPG-bound oligonucleosides. One such useful reducing agent 
35 is sodium cyanoborohydride . 

A preferred method is depicted in Figure 1. This 
method employs a solid support on which a synthon 2 with a 
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protected 5' site is bound. Preferably,, the 5' site of 
said synthon may be protected with DMT. Thereafter , the 5' 
site of the synthon 2 is liberated with mild acid, washed, 
and oxidized to produce an intermediate product • In one 
5 preferred method, the aldehyde derivative reacts with N,N- 
diphenylethylene diamine to produce an intermediary pro- 
duct, 5'-diphenylimidazolidino protected synthon 2. In a 
more preferred method the 5'-diphenylimidazolidino 
protected synthon 2 is directly loaded on the support. 
10 With either method the intermediary product may be 
subsequently deblocked to provide a synthon 2 with a 
nucleophilic 5' position. Addition of a synthon 1 with a 
protected 5 ' -aldehyde group, such as a S'-diphenyl- 
imidazolidino protected 3 '-deoxy-3 '-C-hydrazine base, may 
15 then react, such as by the addition of sodium cyanoboro- 
hydride, with the attached synthon 2. Following a wash, a 
dinucleoside linked through a hydrazino moiety is formed. 
Thereafter, the cycle may be repeated as desired by the 
addition of a synthon 1 species followed by acid/ base 
deprotection to create a polysynthon, a resulting oligomer, 
of a desired sequence, linked together through modified 
inter-sugar linkages. In some preferred embodiments of 
this invention, the synthon 1 species may be a 5 ' -DMT 
protected 3 ' -C-hydrazine base. 

One preferred embodiment of this stepwise process 
utilizes a diphenylethyldiamine adduct (1, 3-disubstituted 
imidazolidino) to protect the electrophilic center of 
synthon 2 during attachment to the solid support. Moffatt, 
J.G., et al., Journal of American Chemical Society 90:5337- 
5338 (1968) . Synthon 2 may preferably be attached to a 
solid support such as a controlled pore glass support or 
other suitable supports known to those skilled in the art. 
Attachment may take place via a standard procedure. Gait, 
M.J., ed., Oligonucleotide Synthesis,, A Practical Approach 
(IRL Press 1984) . Alternatively, preparation may occur by 
directly oxidizing the protected bound nucleoside with 
various standard oxidizing procedures. Bound synthon 2 is 
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preferably reacted with hydrazine to produce a Schiff's 
base which may be subsequently reduced. Hydroxyamine is 
also a preferred reactant useful in this method. 

A further method of synthesizing uniform backbone 
5 linked oligonucleosides is depicted in Figure 2. This 
method also employs a solid support on which a synthon 2, 
with a protected 5' site is bound. In this instance the 5' 
site of the synthon is protected with a phthalimido group. 
Thereafter, the 5' site of the synthon 2 is liberated with 

10 methylhydrazine in DCM and washed with DCM : methanol . The 
aminohydroxyl group at the 5' position of synthon 1 is also 
protected with a phthalimido group. Such synthon 1 is a 
5 '-phthalimido protected 3 ' -deoxy-3 ' -C-f ormyl nucleoside. 
Synthon 1 is reacted with synthon 2 followed by depro- 

15 tection at the 5' position and washing to liberate the next 
5 ' -aminohydroxy reaction site. The cycle is repeated with 
the further addition of synthon 1 sufficient times until 
the desired sequence is constructed. Each nucleoside of 
this sequence is linked together with an oxime linkage. 

20 The terminal nucleoside of the desired oligonucleoside is 
added to the sequence as a 5 ' -DMT blocked 3 '-deoxy-3 '-C- 
formyl nucleoside. The oxime linked oligonucleoside can be 
removed from the support. If a aminohydroxyl linked 
oligonucleoside is desired the oxime linkages are reduced 

25 with sodium cyanoborohydride. Alternately reduction can be 
accomplished while the oxime linked oligonucleoside is 
still connected to the support. 

Also in accordance with this invention, nucleo- 
sides are provided having the structure: 
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wherein B x is a variable base moiety; Q is O, CH 2 , CHF or 
CF 2 ; X is H; OH; C, to C 10 lower alkyl, substituted lower 
alkyl, alkaryl or ar alkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; 
O-, S-, or N-alkyl; O-, S-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; 

5 ON0 2 ; N0 2 ; N 3 ; NH 2 ; heterocycloalkyl; heterocycloalkaryl; 
aminoalkylamino; polyalkylamino; substituted silyl; an RNA 
cleaving group; a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving 
the pharmacodynamic properties of an oligonucleotide. 

0 In such species, Y is hydroxyl, aminomethyl, 

hydrazinomethyl, hydr oxymethy 1 , C-formyl, phthalimido- 
hydroxymethyl, aryl-substituted imidazolidino, amino- 
hydroxy lmethyl , methylaminobenzenethio , methylphosphonate 
and methyl-alky 1 phosphonate; and Z is H, hydroxy 1, 

5 aminomethyl f hydrazinomethyl, hydroxymethyl, C-formyl, 
phthalimidohydroxymethyl, aryl substituted imidazolidino, 
aminohydroxy lmethyl , ortho-methy laminobenzenethio , 
methylphosphonate or methyl alkylphosphonate. 

All of the foregoing is with the proviso that 

D when Q is O and Y is hydroxymethyl and X is H or OH then Z 
is not H or C-formyl; and when Q is O and X is H or OH and 
Z is hydroxy 1 then Y is not aminohydroxy Imethy 1 , hydrazino- 
methyl or aryl-substituted imidazolidino. 

The oligonucleotide analogues of this invention 

5 can be used in diagnostics, therapeutics, and as research 
reagents and kits. For therapeutic use the oligonucleotide 
analogue is administered to an animal suffering from a 
disease modulated by some protein. It is preferred to 
administer to patients suspected of suffering from such a 

D disease an amount of oligonucleotide analogue that is 
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effective to reduce the symptomology of that disease. One 
skilled in the art may determine optimum dosages and 
treatment schedules for such treatment regimens. 

It is generally preferred to administer the 
5 therapeutic agents in accordance with this invention 
internally such as orally, intravenously, or intra- 
muscularly. Other forms of administration, such as 
transdermally, topically, or intra-lesionally may also be 
useful. Inclusion in suppositories may also be useful. 
10 Use of pharmacologically acceptable carriers is also 
preferred for some embodiments. 



EXAMPLES 

The following examples are illustrative, but not 
limiting, of the invention. In these examples , for the NMR 
15 of dimers and other higher oligonucleosides, the monomeric 
units of the dimer and other higher oligonucleosides are 
numbered, i.e T 1f T 2 , from the 5' terminus nucleoside 
towards the 3' terminus nucleoside - thus the 5' nucleoside 
of a T-T dimer is T 1 and the 3' nucleoside is T 2 . 

20 EXAMPLE 1 Synthesis of CPG-bound nucleosides for methylene- 
hydrazine, i.e. (3'-CH 2 -NH-NH-CH 2 -5') , linked 
oligonucleoside 

Diphenvlimi dazolidino protected S'-aldehydic thymidine 
CPG-bound thymidine (30 micromoles of thymidine on one gram 

25 of CPG support, ABI, Foster City, Ca) is treated at ambient 
temperature with a mixture of DMSO, benzene, DCC, pyridine, 
and trifluoroacetic acid (15 ml/ 15 ml/ 2.48 g/ 0.4 ml/ 0.2 
ml in a procedure similar to the oxidation procedure of 
Pfitzer, K.E. and J. G. Moffatt, Journal of American Che- 

30 mical Society 85:3027 (1963), to provide the 5'-aldehydic 
nucleoside. The mixture is filtered after storing over- 
night. The support is washed with oxalic acid (1.3 g in 5 
ml benzene/DMSO, 1 to 1) and treated with 1, 2-dianilino- 
ethylene (3.0 g) for one hour, filtered, and washed with 



WO 92/20822 



PCT/US92/04294 



- 32 - 

acetonitrile to afford the 5 '-diphenylimidazolidino pro- 
tected 5'-aldehydic thymidine. 
5 ' -Deoxv-5 ' -hydrazino-thvmidine 

Treatment of the support-bound 5'-aldehydo thymidine with a 
5 solution of hydrazine hydrate/ sodium cyanoborohydride in 
acetonitrile provides CPG-3' -bound 5' -deoxy-5 '-hydrazino 
thymidine which is stored as its hydrochloride salt. 
5 '-Diphenylimidazolidino protected-3 ' -deoxv-3 ' -C-hvdrazino- 
methvl thymidine 

10 Commercially available 3'-0-acetylthymidine was oxidized 
and subsequently protected as its N,N-diphenylethylenedi- 
amine derivative (1, 3-diphenylimidazolidino) . This provides 
the known 5 ' -deoxy-5 ' -diphenylimidazolidino-3 ' -O-acetyl- 
thymidine. Pfitzer, K. E. and J. G. Moffatt, Journal of 

15 American Chemical Society 85:3027 (1963). Hydrolysis of 
this material was achieved by methanolic ammonia treatment 
at ambient temperature for 15 hours. 5 '-Deoxy-5 '-diphenyl- 
imidazolidinothymidine (4.5 g) was dissolved in DMF (100 
ml) and treated with triphenylmethyl phosphonium iodide at 

20 room temperature for 15 hours. The solvent was removed 

under reduced pressure and the resulting residue recrystal- 
lized from methanol to provide the 3 '-deoxy-3 '-iodo deriv- 
ative. The 3 '-deoxy-3 '-iodo-5'-diphenylimidazolino thy- 
midine was dissolved in toluene and treated with hexa- 

25 methylditin, t-butylisonitrile, and AIBN. This radical 
reaction provides the 3 '-deoxy-3 '-cyano derivative which 
was subsequently reduced with diisobutylaluminum hydride 
(DIBAL-H) in toluene/THF at 0° C, to afford 3 ' -deoxy-3 ' -C- 
formyl-5' -diphenylimidazolidino thymidine. This material 

30 was treated with hydrazine hydrate and sodium cyanoboro- 
hydride in acetonitrile to afford 5 '-diphenylimidazolidino 
protected-3 ' -deoxy-3 ' -C-hydraz inomethy 1 thymidine . The 
material is conveniently stored as the acetate salt. 

EXAMPLE 2 Synthesis of uniform (3'-CH 2 -NH-NH-CH 2 -5') , i.e. 
35 methylenehydrazine, linked oligonucleosides on a DNA 
synthesizer 
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CPG-bound thymidine with a diphenylimidazolidino 
protected 5' -aldehyde from Example 1 that will become the 
3 '-terminal nucleoside is placed in an Applied Biosystems, 
Inc. (ABI) column (250 mg, 10 micromoles of bound nucleo- 
5 side) and attached to an ABI 380B automated DNA Synthesi- 
zer. The automated (computer controlled) steps of a cycle 
that are required to couple a desmethyl nucleoside unit to 
the growing chain are as follows. 

STEP REAGENT OR SOLVENT MIXTURE TIME (min:sec) 

10 1 3 % DCA in dichloroethane 3:00 

2 Dichloroethane wash 1:30 

3 5 ' -Deoxy-5 ' - ( 1 , 3 -diphenylimidazolidino) - 
3 ' -deoxy-3 ' -C-methylene hydrazine 
nucleoside (the second nucleoside) ; 

15 20 micromoles in 30 ml of acetonitrile 2:50 

4 Sodium borohydride (50 micromole in 1:1 
THF/EtOH, 50 ml) 3:00 

5 Dichloroethane wash 2:00 

6 Recycle starting at step 1 (acid wash) 3:00 

20 This procedure yields as its product nucleoside the 5 '-di- 
me thy oxytrityl substituted nucleoside unit. 

At the completion of the synthesis, base deprotec- 
tion and oligomer removal from the support is accomplished 
by the standard procedure described in Oligonucleotide 

25 Synthesis: a practical approach, Ed. M.J. Gait, IRL Press, 
1984. Trityl-on HPLC purification followed by acetic acid 
deprotection and precipitation provides the oligonucleo- 
sides as the acetate salts. 



EXAMPLE 3 Synthesis of 5 '-deoxy-5' -hydra zino nucleosides 

30 5 ' -Deox v-5 ' -hydr az inothvmidine hydrochloride 

To provide 5 ' -benzylcarbazyl-5 ' -deoxythymidine , 5 ' -O-tosyl- 
thymidine, [Nucleosides & Nucleotides 9:89 (1990)] (1.98g, 
5 mmol) , benzylcarbazide (4.15 g, 25 mmol) , activated 
molecular sieves (3A, 2 g) , and anhydrous dimethylacetamide 

35 (100 ml) were stirred together with exclusion of moisture 
at 110° C (bath temperature) for 16 hours. The products 
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were cooled and concentrated under reduced pressure (bath 
temperature < 50° C) . The residue was purified on a silica 
gel column (5 X 45 cm) with CH 2 Cl 2 /MeOH (9:1, v/v) as the 
solvent. The homogeneous fractions were pooled, evaporated 
5 to dryness and the foam recrystallized from EtOH to yield 

0. 7 g (36 %) of 5'-benzylcarbazyl-5'-deoxythymidine; mp 
201° C; 1 H NMR (Me 2 SO-d 6 ) S 1.79 (s, 3, CH 3 ) , 2.00-2.18 (m, 
2, C 2 ,CH 2 ), 2.95 (t, 2, C 5 ,CH 2 ) , 3.75 (m, 1, C 4 ,H) , 4.18 (m, 

1, Cj.H), 4.7 (brs, 1, 0' 2 NH), 5.03 (s, 2, PhCH 2 ) , 5.2 (d, 1, 
10 C 3 ,H), 6.16 (t, 1, C^H), 7.2-7.4 (m, 5, C^) , 7.6 (s, 1, 

CfiH) , 8.7 (brs, 1, CH 2 NH) , 11.2 (brs, 1, C 3 NH) . 

To provide the hydrochloride salt of 5-'-deoxy-5'- 
hydrazinothymidine as a hygroscopic powder, a mixture of 
the above carbazate (0.78 g, 2 mmol) and palladium on 

15 charcoal (10%, 150 mg) in anhydrous MeOH/HCl (30 ml, 2%, 
HC1 by weight) was stirred under an atmosphere of hydrogen 
at room temperature for 1.5 hours. The methanolic solution 
was filtered through Celite to remove the catalyst. The 
filter cake was washed with EtOH (2 X 25 ml) . The filtrate 

20 was concentrated under vacuum and the residue was dried 
overnight to remove traces of HCl. The yellow residue was 
dissolved in methanol (3 ml) and added dropwise to a 
rapidly stirred solution of ethyl acetate (150 ml) . The 
filtered precipitate was washed with ethyl acetate (3 X 100 

25 ml) and the pale yellow solid was dried under vacuum to 
yield 0.51 g (88%) of 5'-deoxy-5'-hydrazinothymidine 
hydrochloride (hygroscopic powder) ; H NMR (Me 2 SO-d 6 ) S 
1.81 (S, 3, CH 3 ), 2.02- 2.22 (m, 2, C 2 ,CH 2 ) , 3.2 (m, 2, 
C 5 ,CH 2 ), 3.8 , (m, 1, C 4/ H), 4.2 (m, 1, C 3< H) , 6.17 (t, 1, 

30 C V H), 7.54 (s, 1, CgH), 11.18 (brs, 1, C 3 NH) , the hydrazino 
and 3' -OH were masked by H 2 0. 

EXAMPLE 4 Synthesis of 5'-trityl-l-[2,3-dideoxy-3-C- 
( formyl i -ff-p -ervthro -pentof uranosy 1 ] -thymine and -uracil 
Method A 

35 3 / -C-Cvano-3 ' -deoxv-5 ' -O-tritvl thvmidine 
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"The following preparation should to be performed under a 
hood and all precautions taken not to inhale any of reagent 
fumes . " 

A suspension of 3 '-deoxy-3 '-iodo-5'-0-tritylthymidine 
5 (Verheyden, J.P.H.; Moffatt, J.G., J. Org. Chem. , 35:2868 
(1970)) (60 g, 0.1 mol) , hexamethylditin (36 g, 22.7 ml, 
0.11 mol), t-butylisocyanide (166 g, 225 ml, 2 mol), and 
AIBN (1.6 g, 10 mmol) in toluene (freshly distilled over 
Na/benzophenone, 2 It) was thoroughly deoxygenated by 

10 bubbling argon through the reaction mixture for 3 0 min. and 
then heated at 38° C for 13 h. The reaction mixture was 
cooled at 60° C and AIBN (1.6 g, 10 mmol) was added and 
heating continued for 24 h- During this period addition of 
AIBN was repeated for 3 times in an identical manner. The 

15 reaction mixture was cooled to room temperature and trans- 
ferred on the top of a prepacked silica gel column (1.5 kg, 
in hexanes) and eluted with hexanes: Et 2 0 (100% hexanes 

100% Et 2 0 with a 10% gradient change each time using 1 It 
of eluent) . Most of the impurities were removed during the 

20 gradient elution as non-polar compounds. Final elution with 
Et 2 0 (2 It) , pooling and evaporation of appropriate frac- 
tions gave two compounds in the order these were collected, 
(i) 12.93 g (25%) of 3 ' -C-Cyano-3 ' -deoxy-5 ' -O-tritylthy- 
midine as white powder (crystallized from toluene/ Et 2 0, mp 

25 153-157° C) ; 1 H NMR (CDC1 3 ) S 8.83 (s, 1, NH) , 7.04-7.4 (m, 
18.5, TrH, C^, and 0.5 ArH from toluene), 6.10 (dd, 1, H v , 

J V.2' m 4 * 1 HZ ' J 1' f 2"" 7 - 1 HZ )' 4 - 20 (™' 1 9 1h" J 3',4'= 8 - 4 HZ, 
iJ 4 , f5 ,= 2.8 Hz), 3.33-3.60(m, 3, H 5 , # 5 „ 3 ,) , 2.68 (m, 1, H 2 ,, 

J v,2^ 13 - 8 Hz )' 2 - 52 ( m / H2») / 2 - 28 ( s / 1 * 5 / °- 5 C H 3 from 
30 toluene), and 1.50 (s, 3, CH 3 ) . Anal. Calcd. for 

C 30 H 27 N 3 O 4 '0.5 C 7 H 8 (toluene from crystallization): C, 74.56; 

H, 5.79; N, 7.78. Found: C, 74.27; H, 5.78; N, 7.66. 

The reaction mixture also gave 4.82 g, (10%) of l-(3'-C- 

cvano-2 ' . 3 ' -dideoxv-5 ' -O-trity 1-fi-D-threo-pentof uranosvl ) - 
35 thymine; 1 H NMR (CDC1 3 ) S 8.72 (s, 1, NH) , 7.03-7.44 (m, 

18.5, TrH, C^, and 0.5 ArH from toluene), 6.13 (pseudo t, 

1/ H v , J V2 ,= 6.7 Hz, J Vf2 »= 5.7 Hz), 4.09 (m, 1, f^, , iJ 3 , #4 ,= 
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6.7 HZ, J4, r5 ,= 4.9 Hz), 3.56 (m, 2, H 5 , #5 „, 3.28 (m, 1, H 3 ,, 

J- 3 ^ 2r = 8.2 Hz, <7 3 , r2 « = 5 - 2 Hz )' 2 - 70 (m ' X ' H 2" 14 Hz >' 

2.28 (s, 1.5, CH 3 from toluene) and 1.60 (s, 3, CH 3 ) . Anal. 
Calcd. for C 30 H 27 N 3 O 4 -0 . 5 C 7 H 8 (toluene from crystallization): 
5 C, 74.56; H, 5.79; N, 7.78. Found: C, 74.10; H, 5.74; N, 
7.52. 

Eoimerization : To a suspension of 1- ( 3 ' -C-Cyano-2 ' , 3 ' -di- 
deoxy-5 ' -O-tr ity 1-B-D-threo-pentof uranosy 1 ) thymine (0.30 g , 
0.61 mmol) in methanol (20 ml) was added dropwise a IN 

10 solution of NaOMe until the pH of solution reached « 9. The 
resulting mixture was heated to reflux for 20 h. The 
solution was cooled (0° C) and neutralized with IN HCl/MeOH 
and evaporated under reduced pressure. The residue was 
purified as described above to furnish 0.185 g (62%) of 3 7 - 

15 c-cyano-3 |r -deoxy-5 / -0-tritylthymidine. (A synthesis for 
S^-deoxy-S'-C-cyano-S'-O-tritylthymine was reported in 
Tetrahedron Letters 29:2995 (1988). This report suggested 
3' r -deoxy-3' r -C-cyano-5'-0-tritylthymine is formed as a 
single product, however, we found a mixture is produced. 

20 By the above epimerization, the xylo component of this 

mixture is converted to the compound of interest, S'-deoxy- 

3 ' -C-cyano-5 ' -O-tr ity lthymine. ) 

3 ' -Deoxv-3 ' -C-f ormvl-5 ' -O-tr itvlthvmine 

DIBAL-H (1M in toluene, 50 ml, in 5 portions over a period 
25 of 5 h) was added to a stirred solution of 3 '-C-cyano-3 '- 
deoxy-5' -O-tr ity Ithymidine (9.92 g, 20 mmol) in dry THF (10 
ml) under argon at 0° C. The solution was stirred at room 
temperature for 1 h and cooled again to 0° C. MeOH (25 ml) 
was added dropwise to the cold solution while stirring and 
30 after complete addition the solution was brought to room 
temperature. A saturated aqueous Na 2 S0 4 solution (11 ml) 
was added to the reaction mixture and stirred for 12 h. 
Powdered anhydrous Na 2 S0 4 (30 g) was added to the reaction 
mixture and suspension was stirred for 30 min. The 
35 suspension was filtered and residue was thoroughly washed 
with Me0H:CH 2 Cl 2 (1:9 v/v) until all of the product was 
washed off. The filtrates were combined and concentrated 
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under vacuum, to furnish a gummy residue. The residue was 
purified by silica gel chromatography using CH 2 Cl 2 :MeOH 
(100% CH 2 C1 2 - 9:1, v/v) for elution to obtain 5.45 g (55%) 
of 3'-deoxy-3'-C-formyl-5'-0-tritylthymine as a white foam. 
5 1 H NMR (CDC1 3 ) S 9.61 (d, 1, CHO, J^,^ 1.5 Hz), 8.44 (s, 1, 
NH) , 7.46 (s, 1, C^) , 7.17-7.45 (m, 15, TrH) , 6.04 (pseudo 
t, 1, H v , J V2 ,= 5.3 HZ, J Vf2 »= 6.6 Hz) , 4.31 (m, 1, E^, , 
J 4 , 5 ,= 3.3 HZ, J 3 , f4 ,= 7 Hz), 3.28-3.55 (m, 3, H 5 , #5 ., f3 ,) , 2.69 
(m, 1, H 2 ,) , 2.28 (m, 1, H 2 „) , 1.48 (s, 3, CH 3 ) . Anal. Calcd. 
10 for C 30 H 28 N 2 O 5 -H 2 O: C, 70.03; H, 5.88; N, 5.44. Found: C, 
70.40; H, 6.00; N, 5.33. 

l-r3-Deoxv-3-C- ( form vl) -5-O-tritvl-fi-D-ervthyo-perrfcof urano- 
svll uracil 

To a stirred solution of 3 ' -cyano-2 ' , 3 ' -dideoxy-5 ' - 

15 O-trityl uridine (0.96 g, 2 mmol) , (prepared in a manner 
equivalent to that of the thymidine analogue above) in dry 
THF (20 ml) under argon, was added a solution of DIBAL-H in 
toluene (Aldrich) (1M, 4 ml) at -10° C over a period of 10 
min. After 30 mins the reaction was quenched with MeOH (5 

20 ml) at -10° C. The mixture was further stirred at ambient 
temperature for 30 mins and diluted with CH 2 C1 2 (25 ml) 
before concentrating under vacuum. This process was 
repeated with CH 2 C1 2 (3 X 25 ml) in order to remove the 
residual THF. The residue was purified by flash chromato- 

25 graphy on silica gel (25 g) . Elution with CH 2 C1 2 (9:1, v/v) 
and crystallization from CH 2 Cl 2 /MeOH gave 5'-0-trityl-3'-C- 
f ormyl-2 ' , 3 ' -dideoxyuridine (0.53 g, 53%); mp 100° C; 1 H NMR 
(CDC1 3 ) 6 2.25 - 2.8 (m, 2, CH 2 ) , 3.4 (m, 1, C 3 ,H) , 3.45 -3.6 
(m, 2, C 5 ,CH 2 ), 4.37 (m, 1, C 4 ,H), 5.4 (d, 1, C 5 H) , 6.1 (m, 

30 1, C V H), 7.2 - 7.4 (m, 15, G^) , 7.81 (d, 1, C^) , 7.95 
(br s, 1, NH) , 9.61 (s, 1, HC=0) . 
Method B 

l-r3-deoxv-3 -C-rformvl)-5-Q-tritvl-g-D-ervthro-pento- 
f uranosvl 1 thymine 

35 l-Methyl-5-0-(t-butyldiphenylsilyl) -2, 3-dideoxy-3-C- 

(fonayl)-D-erythro-pentofuranose was obtained as an oil in 
90% yield using the DIBAL-H reduction of l-methyl-5-(t- 
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butyldiphenylsilyl) -2 , 3-dideoxy-3-C-cyano-D-erythro-pento- 
furanose as described in Tetrahedron, 44:625 (1988). The 
3-C-formyl group is derivatized to the oxime with methoxy- 
amine. The oxime blocked intermediate was glycosylated 
5 with silyated thymine to give an a and £ mixture of the 

title compound. After deblocking , the 6 anomer compares to 
that prepared via method A. 
Method C 

1- r 3 -deoxv-3 -C- ( formvl ) -5-O-tr itvl-6-D-ervt hro-pento- 

10 furanosyll -uracil and -thymine 

A mixture of 3*-deoxy-3 '-iodo-S'-O-tritylthymidine 
(0.59 g, 4 mmol) , tris (trimethylsilyl) silane (2.87 g, 1.2 
mmol) , AIBN (12 mg, 0.072 mmol), and toluene (20 ml) were 
mixed in a glass container and saturated with argon (bub- 

15 bling at room temperature) . The glass vessel was inserted 
into a stainless steel pressure reactor, and pressurized 
with carbon monoxide (80 psi) , closed and heated (90° C, 
bath) for 26 hrs. The reaction mixture was cooled (0° C) 
and the CO was allowed to escape carefully (under the fume 

20 hood) . The product was purified by flash column chromato- 
graphy on silica gel (20 g) . Elution with EtOAc : Hexanes 
(2:1, v/v) and pooling the appropriate fractions furnished 
0.30 g (61%) of the title compound as a foam. 

A radical carbonylation of 2 ' , 3 ' -dideoxy-3 7 -iodo-5 ' - 

25 trityluridine in a similar manner gives the S'-C-formyl 
uridine derivative. 

EXAMPLE 5 Synthesis of xnethylenehydrazone linked 
(3 # -CH=NH-NH-CH 2 -5') , methylenehydrazine linked 
(3'-CH 2 -KH-NH-CH 2 -5') and methylene (dimethylhydrazo) linked 
30 (3'-CH 2 -N{CH3)-N(CH 3 )-CH 2 -5 / ) dinucleosides 

3'-DeroxvT>hosphinico) -SWmethvlenerhvdraz one) 1-5'-0- 
tr ity Ithvmidvlvl- ( 3 ' -+ 5 M -5 ' -de oxvthvmidine 
A mixture of S'-deoxy-S'-C-formyl-S'-O-tritylthymidine, 
0.645 g, 1.30 mmol), S'-deoxy-S'-hydrazinothymidine hydro- 
35 chloride (0.397 g, 1,36 mmol) in dry CH 2 Cl 2 /MeOH/AcOH (20 
ml/ 10 ml/0.5 ml) was stirred for 30 min at room temper- 
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ature. The solvent was evaporated under vacuum and the 
hydrazone intermediate was analyzed by 1 H NMR (DMSO-d 6 ) S 
1.1 (br s, 2 NH) , 8.3 (s, 1, ON-NH) , 7.5-7.74 (m, 17, Tr 

H, 20^), 6.8 (Id, It, 1, HC=N, two isomers), 6.0-6.1 (2m, 
5 2, a,,), 5.30 (br t, 1, OH), 3.8-4.2 (3m, 3, % , 2 ) , 

3.0-3.3 (m, 5, 2H 5 , 5 . , H 3 , ) , 2.0-2.4 (m, 4, 2H 2 . 2 ), 1.5 and 

I. 7 (2S, 6, 2 CH 3 ) . 

3 ' -De ( oxyphosphinico) -3 ' - f methylene (dimethvlhvdrazo) 1 -5 ' -O- 
tritvlthvmid ylvl- (3±+ 5 M -5 ' -deoxvthvmidine 

10 The above hydrazone dimer was dissolved in AcOH (10 ml) and 
to this was added small portions of NaBH 3 CN (4 x 0.12 g, 
7.74 mmol) while stirring at room temperature for 30 min. 
The solution was stirred for an additional 15 min before 
the addition of aqueous HCHO (20%, 3.9 ml, 26 mmol), NaBH 3 CN 

15 (3.9 mmol), and AcOH (10ml). The suspension was further 
stirred for 15 min. and solution evaporated under vacuum. 
The residue was coevaporated with MeOH (3 x 25 ml) to give 
the methylenehydrazo dimer; 1 H NMR (CDC1 3 ) 6 6.8-7.8 (m, 15, 
TrH, 2 C^), 6.12 (m, 2, 2H r ), 4.20 ( (m, 1, T2 H 3 , ) , 4.05 

20 (m, 1, T2 1^.)/ 3.89 (m, 1, Tl H^. ) , 3.80 (s, 6, 2 OCH 3 ) , 

3.21-3.53 (m, 2, Tl H 5 , (5 .) f 2.11-2.75 (m, 10, T2 H 5V5 »H, Tl 
H r , Tl H 3 . , Tl T2 H 2 , 2 „), 2.26 (s, 6, 2N-CH 3 ) , 1.88 and 1.49 
(2s, 6, 2 CH 3 ) , and other protons. 

3 / -De ( oxyp hosphinico) -3 7 - f methylene f dimethvlhydrazol ) - 

25 thvmidvlvl- f 3 5 M -5 ' -deoxvthvmidine 

The above hydrazine dimer was then stirred with 37% aqueous 
HC1 (1 ml) in MeOH (25 ml) at room temperature for 24 h. 
The resulting mixture was neutralized with NH 4 OH (pH » 8) 
and evaporated to dryness. The residue was purified by 

30 reverse phase HPLC (supelcosil LC18, 5 m, H 2 0: CH 3 CN 

gradient) to furnish 0.61 g of the title methylene (di- 
methylhydrazine) linked dimer (89%) . 1 H NMR (90° C, DMS0-d 6 
+ 1 drop of D 2 0) 8 7.66 and 7.43 (2s, 2, 2 C6H) , 6.02 
(pseudo t, 1, T2 H r , J V/2 .= 7.2 Hz, J r#2 .= 7.7 Hz), 5.96 

35 (pseudo t, 1, Tl H r , J y z = 5.6 H z , J y y 6.2 Hz), 4.12 (m, 

1, T2 H 3 ,), 3.90 (m, 1, T2 H4.), 3.71 (m, 1, Tl H^, ) , 3.61 (m, 

2, Tl H 5 . #5 ,,), 2.4-2.8 (m, 5, T2 H 5 . #5 . , Tl H 3 . , Tl H 3 , ) , 2.29 
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(2s, 6, 2 N-CH 3 ) , 2.12 (m, 4, 2H Z . 2 . ) , 1.76 and 1.74 (2s, 6, 

2 CH 3 ). Anal. Calcd. for C^H^N^, H 2 0: C, 51. 10, H, 6.71; 
N, 15.54. Found: C, 51.05; H, 6.68; N, 15.54. MS FAB m/z 
523 (M+H)\ 

5 EXAMPLE 6 Synthesis of methylene (dimethylhydrazine) linked 
(3 '-CH 2 -N(CH 3 ) -N(CH 3 ) -CH 2 -5 ' ) 5 ' -dimethoxytrityl-3 ' -/J-cyano- 
ethoxydiisopropylphosphoramidite dinucleosides 

3 ^De f oxvohosphinicoY -3 r methylene f dimethvlhvdrazo) 1 - 
thvmidvlvl-5 ' -O- f dimethoxvtriphenvlmethvl^ ~(3'-+ 5M -3 ' -0- 

10 rB-cvanoethvl-N-diisopropvlaminoDhosphirvl) thymidine 

The methylene (dimethylhydrazine) dimer of Example 5 was 
dimethyoxytritylated following the standard procedure 
described in Oligonucleotide Synthesis: a practical 
approach, Ed. M.J. Gait, IRL Press, 1984, to furnish a 

15 homogenous foam 1 H NMR (CDC1 3 ) S 6.8-7.8 (m, 20, DMTr, 21^), 
6.12 (m, 2, 2IL,,), 4.20 (m, 1, T 2 H 3 ,) , 4.05 (m, 1, T 2 U^ f ) , 
3.89 (m, 1, T t Hi,), 3.80 (s, 6, 2 0CH 3 of DMTr) , 3.21-3.53 
(m, 2, T t H 5 , 5 „), 2.11-2.75 (m, 9, T 1 H 5 , 5 „ , H 3 ,,, ^ H 3 ,, 
2H 2 , 2 „), 2.26 (2s, 6, 2 N-CH 3 ) and 1.88 and 1.49 (2s, 2, C 5 

20 CH 3) ] which on phosphitylation via the procedure described 
in Oligonucleotide Synthesis: a practical approach, Ed. 
M.J. Gait, IRL Press, 1984, provided a 65% yield of the 
title compound. 1 H NMR (CDC1 3 ) S 6.14 (m, 1, T2 H r ) , 6.01 
(m, 1, Tl H v ), 3.80 (s, 6, 2 O CH 3 ) , 2.23 (m, 6, 2 N-CH 3 ) , 

25 1.78 and 1.45 (2s, 6, 2 CH 3 ) , and other protons. 31 P NMR 
(CDC1 3 ) S 149.43 and 148.85 ppm. 

EXAMPLE 7 Synthesis of intermittent methylene (dimethy- 
hydrazine) (3'-CH 2 -NCH 3 -NCH 3 -CH 2 -5') linked oligonucleosides 

CPG-bound thymidine (or any other nucleoside that is 
30 to become the 3 '-terminal base) was placed in an Applied 
Biosystems, Inc. (ABI) column (250 mg, 10 micromoles of 
bound nucleoside) and attached to an ABI 3 8 0B automated DNA 
Synthesizer. The standard, automated (computer controlled) 
steps utilizing phosphoramidite chemistries are employed to 
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place the methylenehydrazine thymidine dimer into the 
sequence at any desired location. 



EXAMPLE 8 Synthesis of (3 '-CH 2 -NH-S-CH 2 -5 ' ) linkage 

3 / -de ( oxvo hosphinico) -3 \ methylene (methylsulf envll 1 - 
5 thvmidvlvl- f 3 5M-5 7 -deoxvthvmidine 

The title compound will be prepared from two intermediate 
nucleosides. The first nucleoside, 3 ' -O-benzyl-5 ' -deoxy- 
5 ' -mercaptothymidine will be prepared in 3 steps from 3'-0- 
benzoylthymidine according to the procedure of J.H. 

10 Marriott et al., Tet. Letts., 31:7385 (1990), via a 

formation of the 5'-S-[9-(4-methoxyphenyl) xanthen-9-yl] 
group and subsequent deblocking to yield a 5'-SH group. 
The second nucleoside, 3 '-C-methylamino^'-O-trityl- 
thymidine will be prepared in 3 steps from 3 '-C-f ormyl-5'- 

15 Q-tritylthymidine described in Example 4 above. The 3 

steps procedure includes NaBH 4 reduction of the formyl group 
followed by conversion to an azido group with LiN 3 /DMF and 
subsequent reduction with TBTH/toluene to furnish the 3'-C- 
CH 2 NH 2 group. Addition of 3'-c-methylamino-5'-0-trityl- 

20 thymidine nucleoside (1 mmol) to an aqueous sodium hypo- 
chloride (4 mmol) solution will furnish the chloramide 
intermediate, which on cooling (0° C) and reaction with the 
3 ' -O-benzy 1-5 ' -deoxy-5 ' -mercaptothymidine nucleoside (0.9 
mmol) for 15 min followed by the usual work-up and purifi- 

25 cation by chromatography will furnish the title compound. 



EXAMPLE 9 synthesis of 5'-o-phthalimido nucleosides 

5 ' -O-Phthalimidothvmidine 

To a stirred solution of thymidine (24.22 g, 0.1 mol) , N- 
hydroxyphthalimide (21.75 g, 0.13 moi) , triphenylphosphine 

30 (34 g, 0.13 mol) in dry DMF (400 ml) was added diisopropyl- 
azodicarboxylate (30 ml, 0.15 mol) over a period of 3 h at 
0° C. After complete addition the reaction mixture was 
warmed up to room temperature and stirred for 12 h. The 
solution was concentrated under vacuum (0.1 mm, < 40° C) to 

35 furnish an orange-red residue. The residual gum was washed 
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several times with Et 2 0 and washing were discarded. The 
semi-solid residue was suspended in EtOH (500 ml) and 
heated (90° C) to dissolve the product. On cooling 30.98 g 
(80%) of 5 ' -O-phthalimidothymidine was collected in 3-crops 
5 as white crystalline material, mp 233-235° C (decomp.); 1 H 
NMR (DMSO-d 6 ) £ 11.29 (s, 1, NH) , 7.85 (m , 4, ArH) , 7.58 
(s, 1, C^), 6.20 (t, 1, H v , J VfZ ,= 7.8 Hz, J* V|2 „= 6.5 Hz), 
5.48 (d, 1, OH 3 ,), 4.36 (m, 3, H^s^..) , 4.08 (m, 1, H 3 ,) , 
2.09-2.13 (m, 2, H 2 , #2 „) , and 1.79 (s, 3, CH 3 ) . Anal. Calcd. 

10 for C l8 H 17 O 7 N 3 *0.7 H 2 0: C, 54.05; H, 4.64; N, 10.51. Found: C, 
53.81; H, 4.25; N, 10.39. 
2 / -deoxv-5 / -0-r>hthalimidouridine 

An analogous reaction on 2 '-deoxyuridine gave the 
corresponding 2'-deoxy-5'-0-phthalimidouridine; mp 241- 

15 242° C. 

EXAMPLE 10 Synthesis of 5 '-O-phthalimido-3 '-O- (t-butyl- 
diphenylsilyl) thymidine and 2 ' -deoxy-5 ' -O-phthalimido-3 ' -O- 
( t-butyldiphenylsilyl) uridine 

3 / -Q- f t-butyldiphenylsilvl) -5 1 -o-phthalimid othvmidine 

20 A mixture of 5 ' -O-phthalimidothymidine (8.54 g, 22 mmol) , 

t-butyldiphenylsilylchloride (6.9 ml, 26.5 mmol) , imidazole 
(3.9 g, 57.3 mmol) and dry DMF (130 ml) was stirred at room 
temperature for 16 h under argon. The reaction mixture was 
poured into ice-water (600 ml) and the solution was ex- 

25 tracted with CH 2 C1 2 (2 x 400 ml) . The organic layer was 

washed with water (2 x 250 ml) and dried (MgS0 4 ) . The CH 2 C1 2 
layer was concentrated to furnish a gummy residue which on 
pur if ication by silica gel chromatography (eluted with 
EtOAc:Hexanes; 1:1, v/v) furnished 12.65 g (92%) of 3'-0- 

30 (t-butyldiphenylsilyl) -5 '-O-phthalimidothymidine as 

crystalline material (mp 172-173.5° C) . 1 H NMR (DMSO-d 6 ) S 
11.31 (s, 1, NH) , 7.83 (m, 4, ArH), 7.59 (m, 4, TBDPhH) , 
7.51 (s, 1, C^), 7.37-7.45 (m, 6, TBDPhH), 6.30 (dd, 1, 
H v , J VaZ ,= 8.8 Hz, J Vf2 »= 5 - 6 Hz >' 4 - 55 ( m ' 1 ' 24')' 4.15 (m, 

35 1, H 3 ,), 3.94-4.04 (m, 2 f H 5 ,, 5 ,.) , 2.06-2.13 (m, 2, H 2 , 2 «) , 
1.97 (s, 3, CH 3 ), 1.03 (s, 9, C(CH 3 ) 3 ) . Anal. Calcd. for 
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C 34 H 35 0 7 N 3 Si: C, 65.26; H f 5.64; N, 6.71. Found: C, 65.00; H, 
5.60; N, 6.42. 

3 j -O- ( t-b utvldiohenvlsilyl ) -2 / -deoxv-5 ' -O-phthalimido- 
uridine 

5 An analogous reaction of 2 '-deoxy-5'-0-phthalimido- 

uridine will give the corresponding 3'-0-(t-butyldiphenyl- 
silyl) -2 ' -deoxy-5 ' -O-phthalimidouridine . 

EXAMPLE 11 Synthesis of S'-O-amino nucleoside 

5 ' -O-amino-3 / -O- ( t-butyldiphenylsilvl ) thymidine 
10 To a stirred solution of 3'-0-(t-butyldiphenylsilyl)-5'-0- 
phthalimidothymidine (10 g, 16 mmol) in dry CH 2 C1 2 (100 ml) 
was added methylhydrazine (1.3 ml, 24 mmol) under argon at 
room temperature and solution stirred for 12 h. The solu- 
tion was cooled (0° C) and filtered. The white residue was 
15 washed with CH 2 C1 2 (2 x 25 ml) and combined filtrates were 
evaporated to furnish gummy residue. The residue on purif- 
ication by silica gel column chromatography (elution with 
CH 2 Cl 2 :MeOH, 98:2, v/v) furnished 7.03 g (89%) of 5'-0- 
amino-3'-0-(t-butyldiphenylsilyl) thymidine that crystal- 
20 lized from CH 2 Cl 2 /MeOH mp 141-143° C. T H NMR (DMSO-c? 6 ) S 

11.29 (s, 1, NH) , 7.42-7.62 (m, 11, TBDPhH, C 6 H) , 6.25 (dd, 

1/ fiv J V t V^ 8 - 4 Hz ' J 1\2«~ 6 * 3 Hz )' 6 - 02 ( S ' 2 ' N S2) / 4 - 35 
(m, l f H^ t ) , 4.04 (m, 1, H 3/ ), 3.34-3.51 (m, 2, H 5 , # 5 „) , 2.04 
(m, 2, H 2 , # 2II ) , 1.73 (s, 3, CH 3 ), 1.03 (s, 9, C(CH 3 ) 3 ). Anal. 
25 Calcd. for C 26 H 33 0 5 N 3 Si : C, 63.00; H, 6.71; N f 8.48. Found: C, 
62.85; H, 6.67; N, 8.32. 

EXAMPLE 12 Synthesis of (3 '-CH=N-0-CH 2 -5 ' ) linked oligo- 
nucleoside (an oxime linked dimer) 

3 9 -De ( oxvph osphinico) -3 9 - (methvlidvnenitrilo) thvmidvlyl- 

30 (3 9 -+ 5 M -thymidine 

A mixture of 3'-deoxy-3 f -C-f ormyl-S'-O-tritylthymine (0.99 
g, 2 mmol), 5'-amino-3 '-O-(t-butyldiphenylsilyl) thymidine 
(0.99 g, 2 mmol) and AcOH (0.3 ml) in dry CH 2 C1 2 (20 ml) was 
stirred for 1 h at room temperature. The solvent was evapo- 

35 rated under vacuum and the crude blocked 3 / -de(oxyphos- 
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phinico) -3 ' - (methylidynenitrilo) thymidylyl- ( 3 5 ' ) -3 { t- 
butyldiphenylsilyl) thymidine product was dissolved in THF 
(20 ml) . A THF solution of nBu 4 NF (1M, 5 ml) was added to 
the stirred reaction mixture at room temperature. After 1 h 
5 solution was purified by silica gel chromatography (elution 
with CH 2 Cl 2 :MeOH; 99:4, v/v) to furnish 3 '-deblocked dimer. 
The dimer was dissolved in anhydrous MeOH (50 ml) and to 
this a MeOH/HCl solution (0.14M, 2.5 ml) was added. The 
reaction mixture was stirred at room temperature for 15 h. 

10 Anhydrous pyridine (10 ml) was added to the above solution 
and solvents were evaporated to dryness to furnish crude 
oxime dimer. The crude product was purified by silica gel 
chromatography (elution with CH 2 C1 2 : MeOH ; 92:8, v/v) to 
furnish the title compound, 3 '-De(oxyphosphinico) -3 '- 

15 (methylidynenitrilo) thymidylyl- (3'-* 5 ') -thymidine , (0.87 g, 
89%) as a mixture of E/Z isomers. The two geometrical 
isomers were separated by reverse phase HPLC (Supelcosil 
LC18, 5n, H 2 0:CH 3 CN gradient). (^-isomer of title compound) 
1 H NMR (DMSO-d 6 ) S 11.28 (br s, 2, 2NH) , 7.39 and 7.78 (2s, 

20 2, 2C6H) , 6.92 (d, 1, Tl H 3 „, J" 3 , >3 u= 6.7 Hz), 6.15 (pseudo t, 
1, T2 H v , JV >2 ,= 7.8 Hz, J Vi2 «= 6.3 Hz), 6.04 (dd, 1, Tl H,,, 
J Vt2 ,= 7.1 HZ, J Vt2 „= 6.3 HZ), 5.34 (d, 1, T2 OH), 5.12 (t, 
1, Tl OH), 4.11-4.25 (m, 3, T2 H 5 , 5 „, T2 H 3 ,). 3.96 (m, 1, T2 
H^,), 3.90 (m, 1, Tlf^,), 3.49-3.69 (m, 3, Tl H 5 , r5 „ ( Tl H 3 ,) , 

25 2.06-2.31 (m,4, Tl H 2 , 2 „, T2 H 2 ',2») ' 1 ' 73 < s ' 5 ' 2C ^ * Anal. 
Calcd. for C 21 H 27 N 5 0 9 . H 2 0 : C, 49.31; H, 5.72; N, 13.69. Found: 
C, 49.32; 5.57; N, 13.59. (^-isomer of the title compound) 
1 H NMR (DMS0-d 6 ) S 11.3 (2 br s, 2, 2NH) , 7.81 (s, 1, Cg) , 
7.52 (d, 1, Tl H 3 », «J 3 , ( 3 „= 6.7 Hz), 7.45 (s, 1, C^) , 6.10 

30 (pseudo t, 1, T2 H v , J VtZ ,= 7.6 Hz, J Vj2 ..= 6.4 Hz) , 6.04 (dd, 

1, Tl H t , f JV,2' = 7 - 3 Hz ' J v,Z" = 3 ' 4 Hz )' 5 ' 36 ( d ' 1 ' T2 
5.16 (t, 1, Tl OH), 4.07-4.22 (m, 3, T2 H 3/>5 , 5 „) , 3.91 (m, 

2, Tl T2 i^,), 3.50-3.73 (m, 2, Tl H 5 , <511 ) , 3.12 (m, 1, Tl 
H 3< ), 2.05-2.44 (m, 4, Tl T2 H 2 , 2 „) , and 1.76 (s, 6, 2CH 3 ) . 
MS FAB: M/Z 494 (M+H) + . 
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EXAMPLE 13 Synthesis of phosphoramidate containing (3'- 
CH=N-o-CH 2 -5 ' ) linked oligonucleoside 

3 ' -De ( oxvphosphini co) -3 ' - fmethvlidynenitrilo) -5 ' -O- (di - 
methvoxytr jphenvlmethvl Wthvmidvlyl- ( 3 5 M -3 ' -O- (R- 
5 cvanoethvldiis opropYlaminophosphiryl^ thymidine 

The isomeric dimer of Example 12 was further dimethyoxy- 
trityled at the hydroxyl group of the 5' terminus nucleo- 
side followed by conversion to its 3 '-O-G-cyanoethyldiiso- 
propylphosphoramidite derivative at the hydroxyl group at 
10 the 3' terminus nucleoside of the dimer following the 

procedure described in Oligonucleotide Synthesis: a prac- 
tical approach, Ed. M.J. Gait, IRL Press, 1984, to yield 
the title compound. NMR (CDC1 3 ) S 8.77 (br s, 2, 2NH) , 

7.68 (s, 0.77, Tl isomer ) , 7.59 (s, 0.23, Tl CJi E- 

15 isomer), 6.3 (ps t, 1, T2 CH r ), 6.14 (m, 0.77, Tl CH r E- 
isomer), 6.08 (m, 0.23, t, CH v ^-isomer), 1.80 and 1.50 (2S, 
6, 2 CH 3 ) and other protons. 31 P NMR (CDC1 3 ) 150.77 and 
150.38 (^-isomer); 150.57 and 150.38 (^-isomer) . 
The protected dimer can be conveniently stored and used for 
20 coupling utilizing an automated DNA synthesizer (ABI 3 8 0B) 
as and when required for specific incorporation into 
oligomers of therapeutic value. Further as per further 
examples of the specification, the oxime linked dimer is 
reduced to a dimer bearing a corresponding hydroxylamine 
25 linkage and this in turn can be alkylated to a 

hydroxy Imethylamine or other hydroxy alky lamine linkage. 

EXAMPLE 14 Synthesis of ( 3 ' -CH 2 -NH-0-CH 2 -5 ' ) linked 
oligonucleoside 

3 ' -Def oxyphosphinico^ -3 ' - fmethvleneimino) thvmidyly 1 - 

30 (3'-> 5 M -thymidine 

To a stirred solution of blocked dimer 3 '-de (oxyphosphini- 
co) -3'- (methylidynenitrilo) thymidylyl- (3 5 ' ) -3 ' -0- ( t- 
butyldiphenylsilyl) thymidine (0.49 g, 1 mmol) in glacial 
AcOH (5 ml) was added NaBH 3 CN (0.19 g, 3 mmol) in 3-portions 

35 under argon at room temperature. The suspension was stirred 
for 1 h until bubbling of solution ceased. Additional 
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NaBH 3 CN (0.19 g, 3 mmol) was added in a similar manner and 
stirring continued for 1 h. The AcOH was removed under 
reduced pressure to furnish 3 '-de (oxyphosphinico) -3 '- 
(methyleneimino) thymidylyl- (3 5') -3' -O- ( t-butyldiphenyl- 
5 silyl) thymidine. Deblocking of this dimer as described 
before using nBu 4 NF/THF and HCl/MeOH furnished the title 
compound , 3 ' -de (oxyphosphinico) -3 ' - (methyleneimino) - 
thymidylyl- (3'-> 5 ') -thymidine , (0.44 g, 90%) as white 
powder. This dimer was further purified by HPLC (as 
10 described for the 3 '-de (oxyphosphinico) -3 ' - (methyl idyne- 
nitrilo) thymidylyl- (3'-> 5 ') -thymidine dimer of Example 12) 
to obtain an analytically pure sample. 1 H NMR (DMS0-d 6 ) S 
11.23 (br s, 2, 2NH), 7. 83. and 7.49 (2s, 2, 20^), 6.82 (t, 
1, NHO) , 6.14 (pseudo t, 1, T2 H,,, JV,2' = 7.6 Hz, J Vg2 <r* 6.5 
15 Hz), 5.96 (dd, 1, Tl H,,, J VtZ ,= 6.9 Hz, J v i2 »= 4 - 3 Hz ) ' 5 * 28 
(s, 1, T2 OH), 5.08 (s, 1, Tl OH), 4.18 (m, 1, T2 H 3 ,) , 3.89 
(m, 1, Tl , 3.54-3.78 (m, 5, Tl T2 H 5 , #511 , T2 I^,) , 2.76- 

2.94 (m, 2, Tl H 3II ) , 2.42 (m, 1, Tl H 3 ,) , 2.0-2.17 (m, 4, Tl, 
T2 H 2 ^ 2H ), 1.77 and 1.74 (2s, 6, 2 CH 3 ) . MS FAB: M/z 496 
20 (M+H) + . Anal. Calcd. for C 21 H 29 N 5 0 9 'H 2 0 : C, 49.12; H, 6.09; N, 
13.64. Found: C, 48.99; H, 5.96; N, 13.49. 

EXAMPLE 15 Synthesis of methylated [3'-CH 2 -N(CH 3 )-0-CH 2 -5'] 
linked oligonucleoside 

3 '-De f oxyphosphinico 1 -3 ^ -r methylene fmethvlimino) 1 thymi- 
dylyl- f 3 5M thymidine 

To a stirred solution of 3 ' -de ( oxyphosphinico )-3'- (methyl- 
eneimino) thymidylyl- (3 *-* 5 ' ) -3 ' -O- (t-butyldiphenylsilyl) - 
thymidine dimer (0.99 g, 1 mmol) in glacial AcOH (10 ml) 
was added aqueous HCHO (20%, 3 ml) . The solution was 
stirred for 5 min. at room temperature and to this was 
added NaBH 3 CN (0.19 g, 3 mmol) in 3-portions under argon at 
room temperature. The addition of NaBH 3 CN (0.19 g) was 
repeated once more and solution was further stirred for 1 
h. The reaction mixture was concentrated to furnish crude 
3 '-de (oxyphosphinico) -3 [methylene (methylimino) ]thymidyl- 
yl-(3 5' ) -3'-0- (t-butyldiphenylsilyl) thymidine dimer, 
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which on deblocking (nBu 4 NF/THF, HCl/MeOH) furnished the 
title compound, 3' -de (oxyphosphinico) -3'- [methylene (methyl- 
imino) ]thymidylyl-(3'-+ 5') thymidine, (0.44 g, 87%) as 
white solids. The 3 '-de (oxyphosphinico) -3 '-[methylene- 
5 (methylimino) ] thymidylyl- (3 '- 5') thymidine dimer was 
further purified by preparative HPLC furnishing an 
analytically pure sample. 1 H NMR (DMSO-d 6 ) S 11.3 0 and 11.24 
(2s, 2, 2NH) , 7.82 and 7.50 (2s, 2, 20^), 6.15 (pseudo t, 
1, T2 H v , J V)2 ,= 6.3 Hz, J ViZ „= 7.3 Hz), 6.00 (pseudo t, 1, 

10 Tl H 1# , J ViZ ,= 4.2 Hz, J V2 „= 6.1 Hz), 5.31 (m, 1, T2 OH), 
5.08 (m, 1, Tl, OH), 4.17 (m, 1, T2 H 3 ,), 3.88 (m, 1, T2 
H^,), 3.57-3.83 (m, 5, Tl T2 H 5 , 5 „, Tl H^,) , 2.69 (m, 2, Tl 
H 3 „), 2.57 (s, 3, N-CH 3 ), 2.50 (m, 1, T1H 3 ,), 2.05-2.14 (m, 
4, Tl T2 H 2/(2 „), 1.79 and 1.76 (2s, 6, 2 CH 3 ) . MS FAB: M/z 

15 510 (M+H) + . Anal. Calcd. for C 23 H 31 N 5 O 9 -H 2 0: C, 50.09; H, 6.31; 
N, 13.28. Found: C, 50.05; H, 6.21, N, 13.08. 

EXAMPLE 16 synthesis of phosphoramidate containing [3'-CH 2 - 
N(CH 3 )-o-CH 2 -5'] linked oligonucleoside 

3 ; -De ( oxyphosphinic o) -3 ' - r methylene rmethvlimino) 1 -5 ; -o- 
20 (dimethoxvtriphe nvlmethvl)thvmidvlvl-r 3'- 5M-3'-o-(ft- 
cyanoethvldiisopr opylaminophosphirvl^ thymidine 
The 3' -de (oxyphosphinico) -3' -[methylene (methylimino) ]- 
thymidylyl- (3'- 5') thymidine dimer of Example 15 was 
tritylated and phosphitylated as described in Oligonucleo- 

25 tide Synthesis: a practical approach, Ed. M.J. Gait, IRL 
Press, 1984, in an overall yield of 82%. The protected 
dimer was purified by silica gel column chromatography 
(CH 2 Cl 2 :MeOH:Et 3 N; 9:1:0.1, v/v) and homogenous fractions 
were pooled and evaporated to furnish pure 3 '-de(oxyphos- 

30 phinico) -3 ' - [methylene (methylimino) ] -thymidylyl-5 ' -O- (di- 
methoxytriphenylmethyl) - (3 5 ' ) -3 ' -O- (6-cyanoethyldiiso- 
propylaminophosphiryl) thymidine as a white foam (used as 
such for DNA synthesis) . The product was isolated as a 
mixture of diastereoisomer : 31 P NMR (CDC1 3 ) 8 149.62 and 

35 149.11 ppm; 1 H NMR (CDC1 3 ) S 6.22 (pseudo t, 1, T2 H v , J v 2 ,= 
jy, #21I = 6.7 HZ) , 6.16 (pseudo t, 1, Tl H v/ J- lff2 ,- J Vi2 „= 5.8 
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Hz), 2*58, 2.56 (2s, 3, N-CH 3 ) , 1.82, 1.49 (2s, 6, 2 CH 3 ) , 
and other protons. 

The above protected phosphor amidate bearing dimer 
can be conveniently stored and used for coupling utilizing 
5 an automated DNA synthesizer (ABI 3 8 OB) as and when 

required for specific incorporation into oligomers of ther- 
apeutic value. Other dimers of the inventions, as for 
example but not limited the above noted methylidynenitrilo, 
i.e. oxime, and methyleneimino, i.e. aminohydroxy, dimers 

10 are converted to their corresponding phosphoramidate 
derivatives in the same manner as this example and 
incorporated into oligonucleotide in the standard manner as 
noted below. An oligomer bearing the oxime linked 
nucleoside dimer is reduced to an oligomer bearing a 

15 corresponding hydroxylamine linked nucleoside dimer. As 
noted in other examples, reduction can be effected as an 
CPG bound oligomer or after removal from the CPG. 

EXAMPLE 17 synthesis of intermittent (3'-CH=N-0-CH 2 -5') , 
i.e. oxime; (3 ' -CH 2 -ira-0-CH 2 -5 ' ) , i.e. aminohydroxy; (3'- 

2 0 CH 2 -N ( CH 3 ) -o-CH 2 -5 ' ) , i.e. N-methy 1-aminohydroxy ; ( 3 ' -CH 2 -0- 
N(CH 3 )-CH 2 -5' ) , i.e. N-methy 1-hydroxyamino; or (3'-CH 2 - 
N(CH 3 )-NfCH 3 )-CH 2 -5') / i.e. N,N '-dime thy 1-hydrazino linked 
oligonucleo sides 

An appropriate 2 '-deoxynucleoside that will become 

25 the 3 '-terminal nucleoside of an oligonucleoside is bound 
to a CPG column for use on an ABI 3 8 OB automated DNA syn- 
thesizer. Standard phosphoramidite chemistry program steps 
were employed to place the dimer bearing the (3 '-CH=N-0-CH 2 - 
5'), i.e. oxime; (3'-CH 2 -NH-0-CH 2 -5') , i.e. aminohydroxy; 

30 (3'-CH 2 -N(CH 3 )-0-CH 2 -5') , i.e. N-methy 1-aminohydroxy; (3'- 

CH 2 -0-N (CH 3 ) -CH 2 -5 ' ) , i.e. N-methy 1-hydroxyamino ; or ( 3 ' -CH 2 - 
NCCH 3 )-N(CH 3 )-CH 2 -5' ) , i.e. N^-dimethylhydrazino, linkages 
into the desired position or positions of choice within the 
sequence. 
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EXAMPLE 18 Synthesis of uniform (3 '-CH=N-o-CH 2 -5 ' ) or (3'- 
CH 2 -NH-0-CH 2 -5 ' ) linked oligonucleosides via an ABI 380B DNA 
synthesizer, utilizing 3 nucleoside subunits. 

Subunit 1: CPG-bound 5'-0-phthalimidothymidine 
5 prepared according to the procedure of Nucleic Acids 

Research, 18:3813 (1990), and used as a 3 '-terminal unit 
for oligonucleoside synthesis. 

Subunit 2: Bifunctional (3'-C-formyl and 5'-0- 
phthalimido deoxyribonucleoside) derived by standard 
10 glycosylation of methyl 3~deoxy-3-c-cyano-5-0- (phthal- 

imido) -fi-D-ervthro-pentof uranocH <te with an appropriate base 
and DIBAL-H reduction of the nucleoside product. 

Subunit 3: 5 ' -O-DMT-3 ' -C-f ormyl thymidine, employed 
for the incorporation of the last (the 5 '-end of the 
15 oligonucleoside) nucleoside. 

The automated steps of a cycle that is required to 
synthesize a uniform linkage (on a 10 juM scale : loading of 
unit 1 on CPG) are as follows: 

STEP REAGENT/ SOLVENT Time/min 
20 1 5% Methylhydrazine in DCM 10 

2 DCM : MeOH (9:1, v/v) 5 

3 DCM wash 2 

4 3 ' -C-f ormyl-5 ' -O-phthalimido-deoxyribo- 
nucleoside (Unit 2, 20 /iM in 20 ml of 

25 DCM) 3 

5 DCM:Acetone (9:1, v/v): Capping 2 

6 DCM wash 3 
Foregoing steps 1 through 6 are repeated for each addition 
of a nucleoside unit depending on desired sequence and 

30 length. The final unit is then added: 
8 Final nucleoside (20 /iM in 20 ml 

DCM) or Unit 3 5 

EXAMPLE 19 General and specific NaBH 3 CN reduction for 
conversion of (3 '-CH=N-o-CH 2 -5 ' ) linkage to (3 '-CH 2 -;nh-o- 
35 CH 2 -5') 

Reduction of a Dimer 
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To a solution of a dimer (0.49 g, 1 mmol) in glacial 
acetic acid (AcOH) (5 ml) was added sodium cyanoborohydride 
(0.19, 3 mmol) in AcOH (1 ml) , under an argon atmosphere at 
room temperature. The suspension was stirred for 1 h, and 
5 an additional amount of NaBH 3 CN in AcOH (1 ml) was added and 
stirring continued for 1 h. The excess of AcOH was removed 
under reduced pressure at room temperature. The residue 
was coevaporated with toluene (2 x 50 ml) and purified by 
silica gel (25 g) column chromatography. Elution with 
10 CH 2 Cl 2 :MeOH (9:1, v/v) and pooling of appropriate fractions, 
followed by evaporation furnished 0.3 6 g (75%) of solid 
dimer. 

Reduction of an Oliaonucleoside 

CPG-bound oligonucleoside (1 /zM) , that contains one 

15 (or more) backbone modified linkages is taken off the DNA 
synthesizer after completion of its synthesis cycles. A 
1.0 M NaBH 3 CN solution in THF : AcOH (10 ml, 1:1 v/v) is 
pumped through the CPG-bound material in a standard way 
utilizing a syringe technique for 3 0 min. The column is 

20 washed with THF (50 ml) , and the reduced oligonucleoside is 
released from the support column in a standard way. 
Alternative Reduction of an Oliaonucleoside 

As an alternative to the above reduction, reduction 
can also be accomplished after removal from the CPG 

25 support. At the completion of synthesis the oligonucleo- 
side is removed from the CPG-support by standard 
procedures. The S'-O-trityl-on oligonucleoside is purified 
by HPLC and then reduced by the NaBH 3 CN/ AcOH/THF method as 
described above. 

30 EXAMPLE 20 Synthesis of (3 '-CH 2 -N(CH 3 ) -0-CH 2 -5 ' ) linked 

oligonucleoside having a 2',3'-didehydro nucleoside as its 
5' terminal nucleoside 

3 '-Defoxvphosphinicol -2 ' . 3 '-didehvdro-3 '-rmethvlene- 
fmethvlimino) 1 thvmidvlvl- f 3 5 / ) thymidine. 
35 To a stirred solution of 1- ( 5 ' -O- (MMTr ) -£-D-glycero- 

pentofuran-3 ' -ulosyl] thymine (0.13 mmol; prepared according 
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to the procedure of T.-C. Wu, et al., Tetrahedron, 45:855 
(1989) , 5'-0-(methyleneamino) -3 '-O- (t-butyldiphenylsilyl) - 
thymidine (0.13 mmol; prepared according to the procedure 
of F . Debart et al. Tet. Letters, 33, in press, (1992), 
5 ethylene glycol (0.5 mmol), and HMPA (0.5 ml) was added Sml 2 
in THF (0.1 mol, 3 ml, 3 mmol) at room temperature. The 
color of Sml 2 fades out as the reaction proceeds to form the 
desired adduct. After complete disappearance of starting 
materials the reaction mixture is worked-up in the usual 

10 way. (The product could be purified by silica column 

chromatography for characterization) . The crude mixture of 
3'-epimeric adduct is then alkylated ( HCHO / Na CNBH 3 / ACOH ) as 
described in other of these examples. The methylated 
product is then treated with methylsulf onylchloride in 

15 pyridine to obtain a 3'-epimeric mesylate, which on base 
treatment would furnish the title compound. 

EXAMPLE 21 Synthesis of (3 ' -CH 2 -CH 2 -NH-CH 2 -5 ' ) linked oligo- 
nucleoside 

3 ' -De ( oxyphosphinic o) -3 / - ( 1 . 2-ethanedivlimino) -thvmidyly 1- 
20 5'-Q- ( t-butvldim ethvlsilvl) -(3'-> 5 H -3 ' -O- ( t-butvldiohenvl- 
silvl) ^/- deoxvthvmidine 

To a stirred solution of aldehyde [2.5 g, 6.5 mmol, freshly 
prepared according to the procedure described by Fiandor, 
«J. and Tarn, S.Y., Tetrahedron Letts . , 33:597 (1990)], 5'- 

25 amino-3 '-O-(t-butyldiphenylsilyl) -5 ' -deoxythymidine [3 . 13 
g, 6.5 mmol, prepared in two steps via 3 '-O-silylation of 
5 '-azido-5' -deoxythymidine in the manner of Hata et al. *7. 
Chem. Soc. Perkin I, p. 306 (1980) and subsequently 
reduction of the product by the method of Poopeiko et al., 

30 Syn. Lett., p. 342 (1991)], AcOH (0.39, and 6.5 mmol) in 
dicholoroethane (65 ml) was added followed by NaBH(OAc) 3 
(2.759, 13.08 mmol) under argon. The suspension was 
stirred for 3 hours at room temperature. The reaction 
mixture was diluted with CH 2 C1 2 (250 ml) and washed with 

35 water (2x 100 ml) . The organic layer was dried (MgS0 4 ) and 
concentrated to furnish the crude product as a syrup. The 
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product was purified by silica gel column chromatography to 
furnish the title compound as white foam (3.5 g, 64%) . 1 H 
NMR (CDC1 3 ) S 0.1 [s, 6, Si(CH 3 ) 2 ]; 0.9 and 1.1 [2s, 18, 2 
Si(CH 3 ) 3 ]; 1.85 and 1.95 (2s, 6, 2 CH 3 ) ; 2.5 (m, 2, 3"CH 2 ); 
5 3.7 (m, 2, 5'CH 2 ); 4.0 (m, 2, 3', 4' CH) ; 4.2 (m, 1, 3'CH); 
6.05 (m, 1, l'H); 6.28 (t, 1, l'H) ; 7.1 and 7.57 (2s, 2, 
C6H) ; 7,35-7*7 [2m, 12, Si ArH) 2 ], and other sugar protons. 
3 '-De ( oxvphosphinicoY -3 ( 1 . 2-ethanedivliminol thvmidylvl- 
(3'-> 5 9 ) -5 ' -deoxvthvmidine 

10 The protected dimer was deblocked in 81% yield following 

the standard procedure using (Bu) 4 NF in THF. The deblocked 
dimer was purified by HPLC for analysis. 1 H NMR (DMSO-d 6 ) 8 
1.76 and 1.78 (2s, 6, CH 3 ) ; 2.0-2.2 (3m, 4, 2'CH 2 ); 3.15 (m, 
2, NCH 2 ); 3.56 (m, 2, 4'H, 5'CH 2 ) ; 4.18 (br s, 1, 3'H); 5.17 

15 and 5.22 (2 br s, 2, 2 OH); 5.95 (t, 1, l'H) ; 6.1 (t, 1, 

l'H); 7.6 and 7.85 (2s, 2, 2(0^)); 11.25 (br s, 2 2NH) and 
other protons. 

EXAMPLE 22 Synthesis of Bi-functional Nucleoside 
Alternate method to that of Example 18 subunit 2 

20 3 ' -Deoxv-3 1 -C- r ( methoxvimino ) methyl 1 -thymidine 

To a stirred solution of S'-deoxy-S'-C-formyl-S'-O- 
tritylthymidine (0.59, 1 mmol, prepared as per Example 4 in 
CH 2 Cl 2 :MeOH (2:1, 3 0 vol.) was added AcOH (0.5 ml) and 
methoxyamine hydrochloride (0.189, 2.2 mml) at room tem- 

25 perature. The mixture was stirred for 30 min. , concen- 
trated under vacuum and the residue dissolved in MeOH (20 
ml). To this solution, concentrated HCl (0.1 ml) was added 
and stirred for 1 h. The solution was neutralized with NH 4 OH 
(« 2 ml) and concentrated under a vacuum to furnish the 3'- 

30 C-[ (methoxyimido) methyl] derivative of thymidine. H NMR 

(CDC1 3 ) S 9.67 (s, 1, NH) ; 7.67 (s, 1, H-6) ; 7.33 (d, 0.70, 
H-3" E isomer), 6.65 (d, 0.30, H-3 7 Z isomer); 6.15 (m, 1, 
H-l'); 3.60-4.12 (m, 3.3, H-4', H-5'5", H-3 ' Z isomer); 
3.91 (s, 0.9, OCH 3 Z isomer); 3.82 (s, 2.1, OCH 3 oxime E 

35 isomer); 3.26 (m, 0.7, H-3' E isomer); 2.27-2.60 (m, 2, H- 
2', 2"); 1.91 (2s, 3, C 6 CH 3 ). 
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3 / -Deoxv-3 / -C- [ f methoxyimino) methyl 1 -5-methvlcvtidine 
The 5-methyl cytidine analogue was prepared in a like 
manner to the thymidine above. *H NMR (CDC1 3 ) S 7.82 (s, 
0.34, H-6 Z isomer), 7.75 (s, 0.66, H-6 E isomer); 7.32 (d, 
5 0.66, H-3" E isomer, J" 3 ,. 3/> = 6.63 Hz); 6.64 (d, 0.34, H-3" Z 
isomer, J" 3 ,. 3</ = 6.8 Hz); 6.12 (m, 1, H-l); 3.50-4.15 (m, 
3.34, H-4', H-5'5", H-3' Z isomer); 3.91 (s, 1.02, 0CH 3 ) 
oxime Z isomer); 3.83 (s, 1.98, OCH 3 oxime E isomer); 3.20 
(m, 0.66, H-3' E isomer); 2.3-2.6 (m, 2, H-2',2"); 1.92 
10 and 1.94 (2s, 3, C 5 CH 3 E and Z isomers). 

3 f -Deoxv-3 ; -C- T ( methoxyimi no) methvl 1 -5 ' -O-phthalimido- 
thvmidine 

3 ' -Deoxy-3 ' -C- [ (methoxyimino) methyl] -thymidine on treatment 
with Ph 3 P, N-hydroxyphthalimide and DEAD (Mitsunobu 

15 conditions) furnished the 5'-0-phthalimidothymidine 

derivative. 1 H NMR (CDC1 3 ) S 8.45 (br s, 1, NH) ; 7.4-8 (m, 
«5.64, aromatic H, H-6, C 3 ,,H=N E isomer); 6.72 (d, 0.36, H- 
3" Z isomer); 6.15 (m, 1, H-l'); 4.4-4.65 (m, 3, H-4', H- 
5' ,5"); 4.25 (m, 0.36, H-3' Z isomer); 3.92 (s, 1.08, OCH 3 

20 oxime Z isomer); 3.85 (s, 1.92, 0CH 3 oxime E isomer); 3.46 
(m, 0.64, H-3' E isomer); 2.30-2.60 (m, 2, H-2', 2"); 1.97 
(2s, 3, C 5 CH 3 ) . 

3 ' -Deoxy-3 ' -C- ( f ormvlmethvloxim e) -5 ' -phthalimido-5-methvl - 
cvtidine 

25 The 5-methyl cytidine analogue was prepared in a like 

manner to the thymidine above. 1 H NMR (CDC1 3 ) S 7.7-7.95 
(m, 5, aromatic H, H-6); 7.4 0 (d, 0.65, H-3" E isomer; 
J 3#3 „ = 5.87 Hz); 6.69 (d, 0.35, H-3" Z isomer, J 3 , 3</ = 6.3 
Hz); 6.16 (m, 1, H-l'); 4.35-4.70 (m, 3, H-4', H5',5"); 

30 4.30 (m, 0.35, H-3' Z isomer); 3.88 (s, 1.05, OCH 3 Z 

isomer); 3.81 (s, 1.95, OCH 3 E isomer); 3.26 (m, 0.65, H-3' 
E isomer); 2.30-2.65 (m, 2, H-2',2"); 2 and 1.98 (2s, C 5 H 3 
Z and E isomers) . 

3 ' -Deoxv-3 ' - C-f ormvl-5 ' -O-phthalimidothvmidine 
35 3 '-Deoxy-3 ' -C- [ (methoxyimino) methyl ] -5 ' -Q-phthalimidothymi- 
dine upon treated with CH 3 CHO in MeOH regenerated the 3'-C- 
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formyl group. The product on purification by silica gel 
column chromatography furnished the title compound as 
homogeneous material in 81% overall yield for 3 steps. 1 H 
NMR (CDC1 3 ) S 9.95 (s, 1, CH=0) ; 8.62 (far s, 1, NH) ; 7.71- 
5 7.90 (m, 5, aromatic H, H-6) ; 6.06 (t, 1, H-l', J vz , = 6.61 
HZ, J V2 , = 6.6 Hz); 4.36-4.73 (m, 3, H-4', H-5', 5"); 3.78 
(m, 1, H-3'); 2.20-2.90 (m, 2, H-2',2"); 1.98 (s, 3, 
C5CH3) . 

EXAMPLE 23 Synthesis of uniform 3'-CH=N-0-CH 2 -5' or 3'-CH 2 - 
10 NH-0-CH 2 -5'- or 3'-CH 2 -N(CH 3 )-0-CH 2 -5' linked tetramer via 
solution phase chemistry 

3' -» 5' Elongation 

A standard coupling (as described in Example 12) of 3 ; - 
deoxy-3 ' -C-f ormyl-5 ' -O-phthalimidothymidine with 5 ' -O- 
15 amino-3 ' -O- ( t-butyldiphenylsilyl) thymidine furnished 3 ' - 

de (oxyphosphinico) -3 ' - (methylidynenitrilo) -thymidylyl-5 ' -O- 
phthalimido- ( 3 5 ' ) -3 9 -O- ( t-butyldiphenylsilyl ) thymidine . 
The latter product on the treatment with methylhydrazine 
(as described in Example 11) gave 5 ' -0-NH 2 -T-3 ' -CH=N-0-CH 2 - 
5' -T-3 '-O-TBDPSi, which on another round of coupling with 
5'-0-Phth-T-3'-CHO gave the trimmer 5 ' -O-Phth-T-3 ' -CH=N-0- 
CH 2 -5 / -T-3'-CH=N-0-CH 2 -5 / -T-3 f -0-TBDPSi in an overall 83% 
yield. The tetramer was reduced according to Example 14 
using NaBH 3 CN/AcOH to furnish 5 ' -O-Tr-T-3 ' -CH 2 NH-0-CH 2 -5 ' -T- 
3 ' -CH 2 -NH-0-CH 2 -5 ' -T-3 ' -CH 2 -NH-0-CH 2 -5 ' -T-O-3 ' -TBDPSi . The 
reduced tetramer on further reductive alkylation using 
HCHO/NaBH 3 CN/AcOH gave 5 ' -O-Tr-T-3 ' -CH 2 -N (CH 3 ) -0-CH 2 -5 ' -T-3 ' - 
CH 2 -N (CH 3 ) -0-CH 2 -5 9 -T-3 ' -CH 2 -N ( CH 3 ) -0-CH 2 -5 ' -T-3 9 -O-TBDPSi . 
The methylated tetramer was finally deblocked using HC1 and 
n(Bu) 4 NF treatments to yield free tetramer 5 9 -0H-T-3 9 -CH 2 - 
N (CH 3 ) -0-CH 2 -5 ' -T-3 9 -CH 2 -N (CH 3 ) -0-CH 2 -5 ' -T-3 ' -CH 2 -N (CH 3 ) -O- 
CH 2 -5'-T-3'-0H in 79% overall yield. The tetramer was 
purified by HPLC utilizing a reverse phase column (Supel- 
cosil LC18 5^, 15 cm x 4.5 cm) and elution with H 2 0 -> CH 3 CN 
(H 2 0:CH 3 CN, 95:5, 1 min; 8:2, 20 min; 7:3, 30 min; 2:8; 40 
Jtin/ml) gradient. The tetramer was eluted after 26.96 min 
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as single isolated peak that corresponded to 86% of the 
total products eluted. The fractions at 2 6-27.5 min were 
pooled and lyophilized to furnish white powder. The exact 
molecular weight of the tetramer was determined by MS FAB: 
5 m/z 1045 (M+H) + . As noted above, for the NMR data the rings 
are numbered from the 5' terminus to the 3' terminus. 1 H 
NMR (D 2 0, 40°C) TOSEY (30, 100 M sec Mix) 



Unit T 4 H-l' 6.36 
H-2',2" 2.53 

10 H-3' 4.55 

H-4' 4.22 
H-5',5" 4.04, 4.18 
H-6 7.05 
Unit T 3 H-l' 6.22 

15 H-2' 2.52 

H-2 ' ' 2.71 

H-3 ' 2.90 

H-3" 2.91, 2.97 

H-4' 4 . 12 

20 H-5',5" 4.04, 4.23 

H-6 7.18 

C 5 CH 3 1.88 

Unit T 2 H-l' 6.23 

H-2' 2.52 

25 H-2" 2.71 

H-3' 2.91 

H-3" 2.91, 2.97 

H-4' 4.12 

H-5',5" 4.04, 4.23 

30 H-6 7.14 

C 5 CH 3 1.88 

Unit T n H-l' 6.26 

H-2' 2.54 

H-2" 2.73 

35 H-3' 3.03 

H-3" 3.03, 2.93 

H-4' 4.06 
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H-5',5" 4.05, 3.90 
H-6 7.26 
C 5 CH 3 1.90 
N-CH 3 backbone broad 2.83 
5 The above solution phase reactions can be easily 

transferred to an ABI 380B DNA synthesizer, utilizing 3- 
nucleoside sub units as described above. 

EXAMPLE 24 Synthesis of Monomer Unit for (S'-CH^O-NsCH-S') , 
(3 '-CH 2 -0-NH-CH 2 -5 ' ) and (3'-CH 2 -0-N(CH 3 ) -CH 2 -5') Linkages 

10 1- r 3 / -Deoxv-3 r -C- f hvdroxvmethvl ) -5 ' -O- ( tr itvl ) -fl-D-ervthro- 
pentofuranosvll -thymine 

A suspension of NaBH 4 (1.36 g, 9.6 mmol) was added dropwise 
to a stirred solution of 3'-C-formyl-5'--0-tritylthymidine 
in EtOH:H 2 0 (22 ml, 3:1, v/v) mixture at room temperature. 

15 After 3 h, EtOAc (300 ml) was added and the organic layer 
was washed with H 2 0 (2x 150 ml) . The dried (MgS0 4 ) EtOAc 
extract was evaporated under reduced pressure and the 
residue was purified by silica gel column chromatography. 
Elution with CH 2 Cl 2 :MeOH (9:1, v/v), pooling and 

20 concentration of appropriate fractions gave the title 
compound (1.13 g, 83%). 1 H-NMR (CDC1 3 ) S 8.29 (br s, 1, 
NH), 7.59 (s, 1, C 6 H) 7.47-7.22 (m, 15, TrH) 6.13 (dd, 1, 

Si" J v&= 6 * 5 Hz); 3 * 98 (m ' X/ 3-62 (ltl/ 2f ~ y) ' 3#56 " 

3.33 (m, 2, H 5 ,,H 5 „), 2.60 (m, 1, H 3 J ; 2.33-2.20 (m, 2, H 2 , 

25 H 2/ ); 1.91 (br s, 1, OH); 1.53 (S, 3, CH 3 ) . 

l-f3 7 -Deoxv-3 9 -C-fO- f T3hthalimidohydroxymethvl) 1 -5 j -O- 
tritvl-fl-D-ervthro-pentof uranosy 1 1 -thymine 
Diisopropylazodicarboxylate (0.47 ml, 2.41 mmol) was added 
to a stirred solution of 3 ' -deoxy-3 '-^-(hydroxymethyl) -5 

30 o-trityl-thymidine (0.8 g, 1.62 mmol), N-hydroxyphthalimide 
(0.35 g, 2.15 mmol), triphenylphosphine (0.56 g, 2.15 mmol) 
in dry THF (10 ml) at room temperature. After 48 h, the 
products were concentrated and the residue was extracted 
with CH 2 C1 2 (2 x 100 ml) . The CH 2 C1 2 extracts were washed 

35 with NaHC0 3 (5%, 100 ml) and water (100 ml). The dried 
(MgS0 4 ) extract was evaporated under reduced pressure and 
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the residue was purified by short-silica gel 
chromatography. Elution with EtOACtHexanes (1:1, v/v) , 
pooling and concentration of appropriate fractions gave the 
title compound as white foam (0.82 g, 79%). ^-NMR (CDC1 3 ) 
5 S 8.24 (s, 1, NH) ; 7.85-7.20 (m, 20, TrH, ArH, <?<£) , 6.20 
(Itt, 1, H^), 4.22-4.16 (m, 3, f^, , H 3 ,,) , 3.63-3.40 (m, 2, 
H 5 ,, H 5 „), 3.02 (m, 1, H 3 ,), 2.50-2.43 (m, 2, H 2 , H 2 ,,) ; 1.51 
(s, 3, CH 3 ) . Anal. Calcd. for C 38 H 33 N 3 0 7 . 0.5 EtOAc:C, 69.86; 

H, 5.42, N, 6.11. Found: C, 70.19; H, 5.27; N, 5.75 

10 1-«T 3 9 -Deoxv-3 ' -C- TO- ( aminohvdroxvmethvl) 1 -5 ' -O-tritvl-fi-D- 
ervthro-pentof uranosvl > -thymine 

Methylhydrazine (0.12 ml, 2.25 mmol) was added to a stirred 
solution of 3 / -deoxy-3 / -C-[D-(phthalimidohydroxymethyl) ]- 
5 '-o-trityl thymidine (0.77 g, 1.2 mmol) in dry CH 2 C1 2 (9 ml) 

15 at room temperature. After lh, the precipitate was 

filtered and the residue washed with CH 2 C1 2 (2 x 10 ml) . 
The combined filtrates were concentrated and the residue 
was purified by silica gel column chromatography. Elution 
with CH 2 Cl 2 :MeOH (97:3, v/v), pooling and evaporation of 

20 appropriate fractions gave the title compound as white 

powder (0.43 g, 70%). 1 H-NMR (CDC1 3 ) 6 8.59 (br s, 1, NH) , 
7.66 (m, 1, C 6 H) , 7.40-7.15 (m, 15, TrH), 6.06 (pseudo t, 

I, H 1f ), 5.22 (br s, 2, NH 2 ) , 3.89 (m, 1, H^,) , 3.65-3.20 (m, 
4/ H 5 ,, H 5 ,,, H 3 ,,), 2.81 (m, 1, H 3 ,), 2.21-2.13 (m, 2, H 2 , , 

25 H 2 ,,) , 1.37 (s, 3, CH 3 ) . 

EXAMPLE 25 Synthesis Of ( 3 9 -CH 2 -0-N=CH-5 9 ) , ( 3 ' -CH 2 -0-NH- 
CH 2 -5') and O'-CHj-O-NtCHjJ-CH^SM linked oligonucleosides 

3 9 -De ( oxvphosphinico) -3 9 - fmethvleneoxv ( methyl imino) 1 thymi- 
dvlvl-(3'-> 5 9 ) -5 9 -deoxythvmidine 

30 A mixture of l-[4-C-formyl-3-0-(t-butyldiphenylsilyl) -j8-D- 
erythro -pentof uranosyl) thymine [i mmol, prepared according 
to the procedure of Nucleosides and Nucleotides, 9:533 
(1990)], 3 9 -deoxy- 3 ' - C- [ (0-( aminohy dr oxymet hy 1 ) ] - 5 ' -O- 
tritylthymidine (1 mmol), AcOH (0.1 ml), and dry CH 2 C1 2 (25 

35 ml) was stirred at room temperature for 1 h. The solvent 
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was evaporated and the residue was dissolved in glacial 
AcOH (5 ml) . NaBH 3 CN (3 mmol) was added to the stirred AcOH 
reaction mixture. After 1 h, an additional amount of 
NaBH 3 CN (3 mmol) was added and the mixture stirred for 1 h. 
5 The reaction was concentrated under vacuum and the residue 
was purified by silica gel column chromatography to furnish 
5 / -o-Tr-T-3 ' -CH 2 -0-NH-CH 2 -5 ' -T-3 ' -O-TBDPSi dimer . 1 H-NMR 
(CDC1 3 ) S 8.73 (br S/ 2, 2NH) , 7.67 (s, 1 C 6 H) , 7.674-7.23 
(m, 20, TrH, TBDPhH) , 6.96 (s, 1, C^) , 6.23 (pseudo t, 1, 

10 T 2 H v ), 6.11 (pseudo t, 1, T t , H t ,) 5.51 (br s, 1, NH) , 4.16 
(m, 1, T 2 H 3 ,) 4.02 (m, 1, T 2 H^,) , 3.87 (m, 1, T 1 H*,) , 3.52 
(m, 3, Tl CH^,,, T, H 5 „), 3.23 (m, 1, H5'), 2.55-2.76 (m, 
3, Tl H 3 ,, T2 H 5 ,H 5 „), 2.33-2-27 (m, 1, T2 H 2 ,) , 2.23-2.12 (m, 
2, Tl H 2 H 2 ,,) , 1.95-1.85 (m, 1, T 2 H 2 „) , 1.83 (s, 3, CH 3 ) 

15 1.45 (s, 3, CH 3 ), 1.06 (s, 9, (CH 3 ) 3 CSi). 

The latter dimer was methylated using HCHO/NaBH 3 CN/ AcOH and 
finally deblocked with nBu 4 NF/THF and HF/CH 3 CN in two-steps 
to furnish the title compound (65% yield) . 1 H-NMR (DMSO-d 6 ) 
S 11.27 (br s, 2, NH); 7.85 (S, 1, Tl C 6 H) ; 7.51 (s, 1, T 2 

20 CsH) ; 6.15 (pseudo t, 1, T 2 H u J v . 2 ,= 7.8 Hz, «7 V . 2 .=6.3 Hz) ; 
6.00 (pseudo t, 1, T t H v , Jy. z .= 6.9 Hz, J v . 2 .= 4.5 Hz), 5.32 
(br s, l, OH 3> ), 5.09 (br s, 1, OH 5 .); 4.17 (m, l, T 2 H 3 . ) ; 
3.90 (m, 1, T 2 S^); 3.76-3.66 (m, 4, T 1 H^. , T 1 H 5 . , CH 2 3 .) ; 
3.60-3.52 (m, 1, T, H 5 .) ; 2.82 (m, 2, T 2 H 5 . , H 5 .) ; 2.57 (s, 

25 3, N-CH 3 ) ; 2.47 (m, 1, T 1 H 3 . ) ; 2.23-2.02 (m, 4, H 2 .H 2 .) 1-81 
(s, 3, C 5 CH 3 ) ; 1.78 (s, 3, C 5 CH 3 ). Anal. Calcd. for 
C 22 H 31 N 5 0 9 .0.5 H 2 0: C, 50.96; H, 6.22; N, 13.50. Found: C, 
51.01; H, 6.22; N, 13.19. MS (FAB+, glycerol) M+H + m/z = 
510. 

30 EXAMPLE 26 Synthesis of phosphoramidate containing (3'-CH 2 - 
0-N(CH 3 )-CH 2 -5') linked oligonucleoside 

3 ' -De ( oxvphosphinico )-3'- Tmethvleneoxv ( met hvlimino ) 1 - 
thvmidvlvl-5 ' -O- ( dimethvoxvtriphenvlm ethvl) -(3'-> 5M-3'-(Q- 
fl-cvanoethvldiisopropvlaminophosphirvl) thy midine 
35 Dimethyoxytritylation of the dimer 5 ' -0H-T-3 ' -CH 2 -0-NCH 3 - 
CH 2 -5'-T-3'-OH following the procedure described in 
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Oligonucleotide Synthesis: a practical approach, Ed. M.J. 
Gait, IRL Press, 1984, furnished the 5'-0-DMTr protected 
dimer as white foam. 1 H-NMR (CDC1 3 ) 6 7.67 (s, 1, 1^) ; 
7.44-6.82 (m, 14, K 6 , DMTrH) ; 6.20 (pseudo t, 2, H r ) ; 4.3 
5 (m, 1, T 2 H 3 , ); 4.15 (m, 1, T 2 ) ; 4.00 (m, 1, T 1 fi^. ) ; 3.80 
(S, 6, OCH 3 ) ; 3.77-3.23 (m, 4, T f H 5 , Hg. , CH 2 3.) ; 2.89-2.50 
(m, 3, T 2 H 5 ,H 5 ., T1H 3 5 ); 2.62 (S, 3, N-CH 3 ) ; 2.48-2.08 (m, 
4/ H 2 ,H 2 .); 1.9 (s, 3, C 5 CH 3 ) 1.48 (s, 3 C 5 CH 3 ) . 
Above compound was phosphitylated following the procedure 
10 described in Oligonucleotide Synthesis: a practical 

approach, Ed. M.J. Gait, IRL Press, 1984, to furnish the 
title compound in 70% yield over two steps as white powder. 
1 H NMR (CDC1 3 ) S 8.25 (br s, 2, NH) , 7.66 (s, 1, C^) , 7.15- 
7.45 (m, 10, ArH, C^) , 6.8-6.9 (m, 4, ArH), 6.12 (m, 2, 
15 2C r H), 3.79 (s, 6, ArOCH 3 ) , 2.56 (s, 3, N-CH 3 ) , 1.88, 1.44 
(2s, 6, 2 C 5 CH 3 ) and other protons. 31 P NMR (CDC1 3 ) 149.42 
and 148.75 ppm. 

EXAMPLE 27 Synthesis of oligonucleosides having linkages 
that include pharmacokinetic and pharmacodynamic property 
20 modifying groups located therein on 

3 ' -De ( oxvn hosohinico) -3 / - f methylene ( benzvlimino^ 1 - 
thymidvlvl-5 / -O- ( dimethvoxvtr jphenvlmethvl W 3 ' -> 5 M -3 ' -o- 
B~ < cvanoethvldiis opropvlaminophosphirvll thymidine 
A reductive coupling of 3 , -deoxy-3 '-C-formyl-S'-O- 

25 tritylthymidine (1.5 mmol) with 5'-0-amino-3'-0-(t- 

butyldiphenylsilyl) thymidine (1.5 mmol) as described in 
Example 12 furnished 5 ' -O-Tr-T-3 ' -CH 2 -NH-0-CH 2 -5 ' -T-3 ' -0- 
TBDPSi dimer. This dimer was benzylated with 
C 6 I^CHO/NaBH 3 CN/AcOH in the same manner as the above 

30 described methylation to yield N-benzylated dimer 5 '-O-Tr- 
T-3 '-CH 2 -NBz-0-CH 2 -5' -T-3 '-O-TBDPSi. The latter dimer was 
deblocked using nBu 4 NF/THF and HCl/MeOH methodology as 
described in above examples to furnish deblocked dimer 5'- 
OH-T-S'-CH^NBn-O-CHg-S'-T-S'-OH, which on dimethoxy- 

35 tritylation and subsequent phosphitylation following the 
procedure described in Oligonucleotide Synthesis: a 
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practical approach, Ed, M.J. Gait, IRL Press, 1984, gave 
the title compound (45% overall yield) . 1 H NMR (CDC1 3 ) S 
6*15 (pseudo t, 1, T2 C 1# H) ; 6.09 (m, 1, Tl C V H) ; 3.76 (s, 
6, 20CH 3 ) ; 1.7 and 1.48 (2S, 6, 2-CH 3 ) and other protons. 
5 31 p NMR (CDC1 3 ) 149.59 and 149.23 ppm. 

The phosphiltylated dimer was successfully incorpor- 
ated into an oligomer using an automated DNA synthesizer in 
the manner of Example 8 illustrating the ability to attach 
of various pharmacokinetic and pharmacodynamic property 
10 modifying groups into the backbone linkage prior to the DNA 
synthesis of an oligonucleotide. 

EXAMPLE 28 of ( 3 ' -CH 2 -NH-CH 2 -CH 2 -5 ' ) , (3 '-CH 2 -N(CH 3 ) ~CH 2 -CH 2 - 
5'), and Phosphor amidate Derivative 

3 -De ( oxvphosphinico-3 ' - f (methyleneimino) methylene 1 -5 ' -O- 

15 (dimethyoxytr itvl V thvmidyly 1- f 3 5 ' ) -thymidine 

A reductive amination [according to the procedure of A.F. 
Abdel-Magid et al., Tetrahedron Letts. 31:5595 (1990)] of 
S'-deoxy-S^-C-formyl-S'-O-tritylthymidine (1 mmol) with 1- 
[ 6 ' -amino-2 ' , 5 ' , 6 ' -trideoxy-3 ' -O- ( t-butyldiphenylsilyl) 

20 D-erythro-hexofuranosyl] thymine [1.2 mmol, prepared 

according to the procedure of G. Et Zold et al., J.C.S* 
Chem. Comms., 422 (1968)] in presence of AcOH gave a 
blocked dimer S'-O-Tr-T-S'-CH^H-CH^CH^S'-T-S'-O-TBDPSi, 
which on deprotection as described in above examples gave 

25 S'-OH-T-S'-CH^NH-CH^C^-S'-T-S'-OH dimer as white powder 
(70% yield). 1 H NMR (D 2 0, pH 5.6, 20° C) S Tl thymidine 
unit: 7.78 (s, 1, C^) ; 6.17 (t, 1, C, H) ; 4.45 (m, 1, 
Cj.H) ; 4.08 (m, 1, C 4 ,H) ; 4.00, 3.72 (m, 2, C 5 . 5 ,H) ; 2.9 (m, 2 
C 6 r r6 .H); 2.34 (m, 2, C 2 , 2 H) ; 1.77 (s, 3, CH 3 ) ; T2 thymidine 

30 unit: 7.47 (s, 1 C^) ; 6.07 (t, 1, C r H) ; 3.89 (m, 2, C 5 , 

5 .H); 3.79 (m, 1, C 4 ,H); 2.89 (m, 1, C 3 .H) ; 2.38 (m, 1, C 2 .H) ; 
2.32 (m, 1, C 3 .H) ; 1.72 (s, 3, CH 3 ) ; and 2.68 (s, N-CH 3 ) . 
Pka determination: 

The sensitivity of the proton chemical shift of the N-Me 
35 group of the foregoing dimer to change in response to 

change in pH was measured by NMR as an indicator of the pka 
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of the backbone amine ♦ The chemical shift moved downfield 
as the amino group was protonated. A 4 mg sample of 5'-0H- 
T-3'~CH 2 -NCH 3 -CH 2 -CH 2 -5'-T-3'-OH dimer was dissolved in 0.6 
ml of 30 mM bicarbonate buffer. The pH was varied between 
5 5.1 and 10.0 using 0.1 N NaOH in 6-steps. The chemical 
shift of the N-methyl proton varied between 2.2 6 and 2.93 
ppm, giving rise to a pka of 7.8±0.1. While we do not wish 
to be bound by theory, it is thus believed that at 
physiological pH this backbone will be protonated. 

10 3 / -De ( oxyphosphinico-3 9 - r methylene ( methvlimino ) methylene 1 - 
5 '-Q- ( dimethvoxvtritvl) -thvmidvlvl- ( 3 5M-3 ' -O- (6- 
cvanoethyldiisopropylaminophosphirvl) thymidine 
The proceeding dimer was methylated using HCHO/NaBH 3 CN in 
AcOH to furnish 5 '-0H-T-3 '-CH 2 -N(CH 3 ) -CH 2 -CH 2 -5 ' -T-3 ' -OH 

15 dimer, which on dimethoxytritylation and phosphitylation 
following the procedure described in Oligonucleotide 
Synthesis: a practical approach, Ed. M.J. Gait, IRL Press, 
1984, gave the title compound as foam (68% yield). *H NMR 
(CDC1 3 ) S 6.12 (m, 2, 2C r H) ; 2.15, 2.14 (2s, 3, N-CH 3 ) ; 

20 1.88, 1.45 (2s, 6, 2 C 5 CH 3 ) and other protons. 31 P NMR 
(CDC1 3 ) 149.49 and 148.96 ppm. 

EXAMPLE 29 A (3 '-CH 2 -N( labile blocking group) -0-CH 2 -5 ' ) 
dimer and phosphoramidate derivative - a dimer 
Incorporating a 3 '-de (oxyphosphinico) -3 (methyleneimino) 
25 (3-* 5') linkage having a labile N-protecting group for 
regeneration of a <3'H2H 2 HNH-0-CH 2 -5) linkage 
3 ' -De ( oxyphosphinico) -3 ' - [methylene ( ohenoxvacetvlimino) 1 - 
thvmidvlvl- i 3'-> 5 M -thymidine 

To a stirred solution of 5 ' -O-Tr-T-3 ' -CH 2 -NH-0-CH 2 -5 ' -T-3 ' - 
3 0 O-TBDPSi (1 mmol, prepared according to the procedure of F. 
Debart et al. Tetrahedron Letts., 33: in press 1992) in dry 
pyridine (10 ml) was added phenoxyacetylchloride (1.2 
mmol) . After 12 h, the products were diluted with CH 2 C1 2 
(200 ml) and washed with sat. NaHC0 3 (2 x 50 ml) , water (2 x 
35 50 ml) and dried (MgSOJ . The CH 2 C1 2 extract was 

concentrated and residue purified by silica gel column 
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chromatography. Elution with CH 2 Cl 2 :MeOH (9:1, v/v) , 
pooling of appropriate fractions and evaporation furnished 
5 / -o-Tr-T-3 ' -CH 2 -N ( COCH 2 OPh) -0-CH 2 -5 ' -T-3 ' -O-TBDPSi dimer as 
white foam. NMR (DMSO-dJ S 11.35 (br s, 2, NH) ; 7.6- 

5 6.65 (m, 32, Tr, TBDPS, phenoxyacetyl , C^) ; 6.3 (pseudo t, 
1/ Hv); 6 - 03 (pseudo t, 1, H r ); 4.5 (m, 2, CH 2 ) ; 4.3 (m, 1, 
T 2 fi 3 ) ; 3.9-3.3 (m, 6, T n , T 2 H^. , T 2 H^. , T 2 H 5 . H 5 . , CH 2 3 .) ; 
3.10 (m, 2, T, H 5 . H 5 .); 2.65 (m, 1, T, H 3 .); 2.2-2.05 (m, 4, 
H 2 , H 2 .)/* 1-58 (s, 3, CH 3 ); 1.4 (s, 3, CH 3 ) ; 1.02 (s, 9, 

10 (CH 3 ) 3 CSi) . 

The foregoing dimer was sequentially deblocked with HF 
(48%) /CH 3 CN (5:95, v/v) treatment to remove the trityl 
group, and the product on treatment with nBu 4 NF/THF removed 
the silyl group to furnish title compound as white powder 

15 (70% yield for 3 -steps ) . 1 H NMR (DMSO-d^) S 11.35 (br s, 1, 
NH); 11.25 (br s, 1, NH) 7.92 (s, 1, CgH) ; 7.5 (s, 1, C^) ; 

7.2- 6.8 (m, 5, ArH) ; 6.23 (pseudo t, 1, H v ) ; 5.98 (dd, 1, 
H v ); 5.45 (d, 1, OH 3 .), 5.15 (t, 1, OH 5 . ) ; 4.9 (m, 2, CH 2 ) ; 

4.3- 3.5 (m, 9, T 2 H 3 . , H^. , H 5 .H 5 ., CH 23 .) ; 2.6 (m, 1, T 1 H 3 . ) ; 
20 2.25-2.00 (m, 4, H 2 .H 2 .) ; 1.75 (s, 3, CH 3 ) ; 1.65 (s, 3, CH 2 ) • 

The latter dimer was dimethoxytritylated as per the pro- 
cedure of described in Oligonucleotide Synthesis: a 
practical approach, Ed. M.J. Gait, IRL Press, 1984, to 
furnish 5 ' -O-DMT-T-3 ' -CH 2 -N- ( COCH 2 OPh) -0-CH 2 -5 ' -T-3 ' -OH as 

25 pale yellow colored foam. 1 H NMR (DMSO d 6 ) S 11.3 (br s, 2, 
NH) ; 7.55 (s, 1, C^) . 7.45 (s, 1, C^) ; 7.38-6.75 (m, 18, 
DMTrH, phenoxyacetyl-H) ; 6.22 (pseudo t, 1, T 2 H r ) ; 6.05 
(pseudo t, 1, T, H v ) ; 4.75-4.60 (m, 2, CH 2 ) ; 4.25 (m, 1, T 2 
H 5> ); 4.18 (m, 1, T 2 H 3 . ) ; 4.05 (m, 1, T 2 H 5 .) ; 3.9 (m, 2, 

30 Hy); 3.8-3.6 (m, 2, CH 2 3 .) ; 3.65 (s, 6, 20CH 3 ) 3.2 (m, 2, 
T 1f H 5 .H 5 .) 2.82 (m, 1, T, H 3 . ) ; 2.3-2.05 (m, 4, H 2 ,H 2 .) ; 1.6 
(s, 3, T 2 CHCH 3 ) ; 1.38 (s, 3, Tl CH 3 ) . 

The above dimer on phosphitylation following the procedure 
described in Oligonucleotide Synthesis: a practical 
35 approach, Ed. M.J. Gait, IRL Press, 1984, furnished the 
phosphoramidate derivatized dimer (appropriate for use on 
DNA synthesizer) as a foam (75% in 2 steps) . 'h NMR (CDC1 3 ) 
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S 7.62 (s, 1, C^) ; 7.2-7.45 (2m, 12, ArH); 6.77-7.05 (3m, 

7, ArH, cyi); 6.15 (pseudo t, 1, C r H) ; 6.05 (t, 1, C r H) ; 
4.7 (m, 2, 2C 4 ,H); 3.74 (2s, 6, 2ArOCH 3 ) ; 2.95 (m, 1, C 3 .H) ; 
1.78, 1.77 (2s, 3, C 5 CH 3 ); 1.41 (s, 3, C 5 CH 3 ) , and other 

5 protons. 31 P NMR (CDC1 3 ) 1.49.76 and 149.56 ppm. 

EXAMPLE 3 0 Regeneration of (3'-CH 2 -otih>-ch 2 -5') linkage from 
(3 '-CH 2 -N( labile blocking group) -CH 2 -CH 2 -5' ) linkage In an 
oligonucleotide 

The phosphitylated dimer of Example 29 will be incorporated 
within an oligonucleotide as per the procedure of Example 

8. After completion of the oligonucleotide on the support, 
the oligonucleotide is cleaved from the support utilizing 
standard ammonium hydroxide conditions. Concurrent with 
the cleavage from the support the ammonium hydroxide 
treatment will further cleave the phenoxyacetyl blocking 
group from the imino nitrogen of the incorporated (3'-CH 2 - 
N(COCH 2 OPh)-0-CH 2 -5') oligonucleoside dimer to yield the 
(3'-CH 2 -NH-0-CH 2 -5') linked oligonucleoside dimer within the 
oligonucleotide structure. 

20 EXAMPLE 31 Synthesis of (3 '-CH 2 -P (O) 2 -0-CH 2 -5 ' ) and (3'-CH 2 - 
0-P(0) 2 -CH 2 -5') linked oligonucleosides 

Synthesis of 3 ' -C-phosphonate dimer 

3 ' -hydroxymethyl-5 ' -O- ( t-butyldiphenylsilyl) thymidine will 
be converted into its bromide by treatment with NBS. The 

25 bromide is subjected to an Arbuzov reaction to furnish the 
phosphonate diester. Cleavage of the phosphonate diester 
with trimethylbromosilane gives the free acid which on 
treatment with 3 '-0- (t-butyldiphenylsilyl) thymidine and DCC 
in pyridine yields the dimer. 

30 Synthesis of 3 ' -C-phosohonate linked oligonucleosides 

The above dimer will be incorporated into an oligonucleo- 
side by suitably protecting and activating the dimer as 
the S'-O-DMT and 3 ' -O-phosphoramide derivative for inser- 
tion into desired locations in oligonucleosides by standard 

35 DNA synthesizer chemistry. 



10 
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Synthesis of 5 '-C-ohosphonate linked o liaonucleosides 
The corresponding 5 ' -C-phosphonate dimers will be obtained 
by a reacting a 5'-deoxy-5'-bromonucleoside with a 
phosphite ester resulting in a 5'-phosphonate. This in 
5 turn is reacted with a 3 '-hydroxymethyl nucleoside to yield 
the 5 '-C-phosphonate linked dimer. 

EVALUATION 

PROCEDURE 1 - Structure and Integrity of Oligonucleotides 
A. Digest of Oligonucleotides 

10 Enzymatic digestion of oligon ucleotides 

The incorporation of backbone modification as in 
various antisense oligonucleotides was proved by enzymatic 
hydrolysis using following protocol. In the sequence listing 
of this procedure a " * " is used to denote the positioning of 

15 a linkage of the invention within the sequence and in a like 
manner a " p " is used to denote the positioning of a normal 
phosphodiester linkage. 

The modified oligonucleotide 
(5'-GpCpGpTpTpTpTpT*TpTpTpTpTpGpCpG-3 ' ) 

20 (0.2 OD at A^q™) was dissolved in 0.1M tris-HCl buffer (pH 8.3 
200^1) and treated with snake venom phosphodiesterase (0.4/xg), 
alkaline phosphatase (0.4 fiq) , and calf spleen phos- 
phodiesterase (0.4/zg) for 24-60 h at 37 °C. The resulting 
mixture was diluted and analyzed by HPLC. Column: C-18 

25 Nucleosil (5/0 • Flow rate: 1 ml/min. Solvent A: 10 mM 
triethylammonium acetate,, Solvent B: acetonitrile/water 
(1:1). A 20 min. linear gradient from 0% B to 50% B. 
Quantification of the material was made on the basis of the 
peak areas which were directed by the extinction coefficients 

30 of the nucleoside constituents. The identity of each modified 
backbone containing dimer was proved by co-injecting a 
synthetic sample with fully digested oligonucleotide. In all 
cases, integration of the peaks of HPLC analyses demonstrated 
the correct gross composition of the digested oligonucleotide. 

35 B. Integrity of Backbone Linkage 
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In addition, the integrity of each incorporation of 
modified backbone was further supported by 1 H and 31 p NMR 
analyses of a CpT*TpG tetramer prepared on the same ABI 3 8 OB 
DNA synthesizer. Thus, indirectly validating the computer 
5 program on the synthesizer. 

PROCEDURE 2 - Hybridization Analysis. 

The relative ability of an oligonucleotide, an oligon- 
ucleotide analogue or oligonucleoside of the invention to bind 
to complementary nucleic acids can be compared by determining 
10 the melting temperature of a particular hybridization complex. 
The melting temperature (T m ) , a characteristic physical 
property of complementary nucleic acids, denotes the 
temperature in degrees centigrade at which 50% double helical 
versus coil (unhybridized) forms are present. T m is measured 

15 by using the UV spectrum to determine the formation and 

breakdown (melting) of hybridization. Base stacking, which 
occurs during hybridization, is accompanied by a reduction in 
UV absorption (hypochromicity) . Consequently a reduction in 
UV absorption indicates a higher T m . The higher the T m , the 

20 greater the strength of the binding of the strands. Non- 
Watson-Crick base pairing has a strong destabilizing effect on 
the T m . Consequently, absolute fidelity of base pairing is 
necessary to have optimal binding of an antisense oligo- 
nucleotide or oligonucleoside to its targeted RNA. 

25 A. Evaluation of the thermodynamics of hybridization of 
oligonucleotide analogues* 

The ability of selected oligonucleotide analogues of 
the invention to hybridize to their complementary RNA or DNA 
sequences was determined by thermal melting analysis. The RNA 

30 complement was synthesized from T7 RNA polymerase and a 
template-promoter of DNA synthesized with an Applied 
Biosystems, Inc. 380B nucleic acid synthesizer. The RNA 
species is purified by ion exchange using FPLC (LKB Pharmacia, 
Inc.)* Antisense oligonucleotide analogues are added to 

35 either the RNA or DNA complement at stoichiometric 
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concentrations and the absorbance (260 nm) hyperchromicity 
upon duplex to random coil transition monitored using a 
Gilford Response II spectrophotometer. These measurements are 
performed in a buffer of 10 mM Na-phosphate , pH 7.4, 0.1 mM 
5 EDTA, and NaCl to yield an ionic strength of either 0.1 M or 
1.0 M. Data can be analyzed by a graphic representation of 
1/T m vs ln[Ct], where [Ct] is the total oligonucleotide 
concentration . 

The results of thermodynamic analysis of the hybri- 

10 dization of selected oligonucleotide analogues of the inven- 
tion are shown in Table 1. In the sequence listing of this 
table a 11 * 11 is used to denote the positioning of a linkage 
of the invention within the sequence and in a like manner a 
11 p " is used to denote the positioning of a normal 

15 phosphodiester linkage. Further in this table and in 

following tables various backbone linkages of the invention 
are cross referenced between generic chemical names and short 
hand structures as follows: (3 ' -CH=N-0-CH 2 -5 ' ) is denoted as 
oxime; (3 ' -CH 2 -NH-0-CH 2 -5 ' ) is denoted as aminohydroxy; (3'- 

20 CH 2 -N(CH 3 )-0-CH 2 -5') is denoted as N-methyl -aminohydroxy; (3'- 
CH 2 -0-N(CH 3 )-CH 2 -5') is denoted as N-methyl-hydroxyamino; and 
(3'-CH 2 -N(CH 3 )-N(CH 3 )-CH 2 -5') is denoted as N,N'- 
dimethy Ihydraz ino . 

TABLE 1 

25 DUPLEX STABILITY (DNA-RNA) 

SEQUENCE = 5'- GpCpGpTpTpTpTpT*TpTpTpTpTpGpCpG -3 ' 



* BACKBONE T m °C AT m °C 



30 Natural 50.2 

N-Methy 1-Hy dr oxyamino 48.9 -1.3 

N-Methy 1-Aminohydr oxy 49.4 -0.8 

N, N' -Dimethyl-Hydrazino 48.3 -1.9 

Aminohydroxy 47.8 -2.4 
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SEQUENCE =5'- GpCpGpTpTpTpT*TpT*TpTpTpTpGpCpG -3 ' 



BACKBONE T m ° c AT m °C 



Natural 50.2 

N-Methyl-Hydroxyamino 47.5 -2.7 

N-Methyl-Aminohydroxy 49.7 -0.5 

N,N'-Dimethyl-Hydrazino 48.6 -1.6 

Aminohydroxy 43.7 -6.4 



10 SEQUENCE = 5'- GpCpGpTpTpT*TpT*TpT*TpTpTpGpCpG -3 ' 



* BACKBONE T m ° C ^ T m° C 



Natural 50.2 

15 N-Methy 1 -Hydroxy amino 44.2 -6.0 

N-Methyl-Aminohydroxy 48.2 -1.9 

N,N'-Dimethyl-Hydrazino 49.0 -1.2 

Aminohydroxy 45.3 -4.9 



SEQUENCE - 5'- GpCpGpT*TpTpTpT*TpTpTpT*TpGpCpG -3' 
20 _ 

* BACKBONE T m °C AT m °C 



Natural 50.2 
N-Methyl-Aminohydroxy 47.8 -2.4 



25 SEQUENCE = 5'- GpCpGpTpT*TpT*TpT*TpT*TpTpGpCpG -3 ' 



* BACKBONE T m °C AT m °C 



WO 92/20822 



PCT/US92/04294 



- 68 - 



Natural 

N-Methyl-Hydroxyamino 
Aminohydroxy 



50.2 
42.3 
45.5 



-7.9 
-4.7 



5 SEQUENCE = 5'- GpCpGpT*TpTpT*TpT*TpTpT*TpGpCpG -3' 



* BACKBONE 



T m »C AT„,»C 



Natural 

10 N-Methyl-Aminohydroxy 

N , N ' -Dimethyl-Hydraz ino 
Aminohydroxy 



50.2 

47.9 -2.3 
47.3 -2.8 

43.9 -6.3 



SEQUENCE =5'- GpCpGpT*TpT*TpT*TpT*TpT*TpGpCpG -3 ' 



15 



20 



* BACKBONE 



T m °C AT|])OC 



Natural 

N-Methyl-Hydroxyamino 
N-Methyl-Aminohydroxy 
N , N ' -Dimethyl-Hydraz ino 
Aminohydroxy 



50.2 

40.0 -10.2 
50.8 +0.64 
51.3 +1.1 

44.2 -6.0 



SEQUENCE =5'- CpTpCpGpTpApCpCpT*TpTpCpCpGpGpTpCpC -3' 



* BACKBONE 



T m °C AT m °C 



25 



Natural 
Oxime 



63 .4 
60.2 



-3.2 
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N-Methyl-Aminohydroxy 64.9 +1.5 

N,N'-Dimethyl-Hydrazino 64.9 +1.5 

Aminohydroxy 62.9 -0.5 



5 



SEQUENCE = 5'- CpTpCpGpTpApCpT*TpT*TpCpCpGpGpTpCpC -3' 



* BACKBONE T m °C AT m °C 



Natural 56.7 

N-Methyl-Hydroxyamino 54.3 -2.4 

10 N-Methyl-Aminohydroxy 57.4 +0.7 

N,N'-Dimethyl-Hydrazino 57.0 +0.3 

Aminohydroxy 56.0 -0.7 



SEQUENCE = 5'- CpGpApCpTpApTpGpCpApApTpT*TpC -3' 



15 



20 



BACKBONE 



Tm o C AT m °C 



Natural 
Oxime 

N-Methyl-Hydroxyamino 
N-Methyl-Aminohydroxy 
N , N ' -Dimethy 1-Hydraz ino 
Aminohydroxy 



44.1 

41.6 -2.5 

43.8 -0.3 

43.6 -0.5 

42.8 -1.3 

43.4 -0.7 



In a further study, the base pair specificity of oligo- 
nucleotide having modified linkages of the invention was 
25 studied. The study measure binding of the 5'-T of T*T dimer 
in the sequence 

5 ' -CpTpCpGpTpApCpCpT*TpTpCpCpGpGpTpCpC -3 ' 
when matched to A in the RNA complement (a T:rA pair) as 
compared to mismatch with C, G or U. The average of the 
30 mismatch of all the base pairs is shown in Table 2. Table 2 
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demonstrates that the essential Watson-Crick base pair 
specif icy of the backbone linkages of the invention to com- 
plementary strand is not compromised. 

TABLE 2 

5 BASE PAIR SPECIFICITY 

5 ' -CpTpCpGpTpApCpCpT*TpTpCpCpGpGpTpCpC -3 ' 

* BACKBONE AT m /mismatch 



10 Natural -5.5 

Oxime -4.95 

N-Methyl-Aminohydroxy -7.32 

N , N ' -Dimethy 1-Hydraz ino -7.41 

Aminohydr oxy -6.89 

15 B. Fidelity of hybridization of oligonucleotide 

analogues 

The ability of the antisense oligonucleotide analogues 
of the invention to hybridize with absolute specificity to a 
targeted mRNA can be shown by Northern blot analysis of 
20 purified target mRNA in the presence of total cellular RNA. 
Target mRNA is synthesized from a vector containing the cDNA 
for the target mRNA located downstream from a T7 RNA 
polymerase promoter. Synthesized mRNA is electrophoresed in an 
agarose gel and transferred to a suitable support membrane 
(i.e* nitrocellulose) . The support membrane is blocked and 
probed using [ 32 P ] -labeled oligonucleotide analogues. The 
stringency is determined by replicate blots and washing in 
either elevated temperatures or decreased ionic strength of 
the wash buffer- Autoradiography is performed to assess the 
presence of heteroduplex formation and the autoradiogram 
quantitated by laser densitometry (LKB Pharmacia, Inc.). The 
specificity of hybrid formation is determined by isolation of 
total cellular RNA by standard techniques and its analysis by 
agarose electrophoresis, membrane transfer and probing with 
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the labelled oligonucleotide analogues. Stringency is 
predetermined for an unmodified antisense oligonucleotide and 
the conditions used such that only the specifically targeted 
mRNA is capable of forming a heteroduplex with the 
5 oligonucleotide analogue. 

PROCEDURE 3 - Nuclease Resistance 

A. Evaluation of the resistance of oligonucleotide 
analogues to serum and cytoplasmic nucleases. 
Oligonucleotide analogues of the invention can be 

10 assessed for their resistance to serum nucleases by incubation 
of the oligonucleotide analogue in media containing various 
concentrations of fetal calf serum. Labeled oligonucleotide 
analogues are incubated for various times, treated with 
protease K and then analyzed by gel electrophoresis on 20% 

15 polyacryl line-urea denaturing gels and subsequent 

autoradiography. Autoradiograms are quantitated by laser 
densitometry. Based upon the location of the modified linkage 
and the known length of the oligonucleotide it is possible to 
determine the effect on nuclease degradation by the particular 

20 modification. For the cytoplasmic nucleases, an HL 60 cell 
line can be used. A post-mitochondrial supernatant is 
prepared by differential centrifugation and the labelled 
oligonucleotide analogues are incubated in this supernatant 
for various times. Following the incubation, the 

25 oligonucleotide analogues are assessed for degradation as 
outlined above for serum nucleolytic degradation. 
Autoradiography results are quantitated for comparison of the 
unmodified and the oligonucleotide analogues of the invention. 

Table 3 shows the nuclease resistance of certain of the 

30 linkages of the invention to 10% fetal calf serum. As is 
evident from Table 3, all of the linkages tested exhibit 
greater stability to nucleases of the fetal calf serum compare 
to natural nucleotides. In Table 3 the t % of both the N to N- 
1 transition and the N-l to the N-2 transition are shown. In 

35 the sequence listing of this table a " * " is used to denote 
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the place of a linkage of the invention within the sequence 
and in a like manner a " p 11 is used to denote a normal 
phosphodiester linkage. 

TABLE 3 

5 NUCLEASE RESISTANCE (10%) Fetal Calf Serum 

SEQUENCE = 5'- CpGpApCpTpApTpGpCpApApTpT*TpC -3 ' 



* BACKBONE N -> N-l -> N-2 

10 

Natural 0 . 5 hr 1 . 0 hr 

N-Methyl-Hydroxyamino 2.0 hr 4.0 hr 

N-Methyl-Aminohydroxy 5.5 hr 12 . 5 hr 

N,N'-Dimethyl-Hydrazino 20.5 hr 36.5 hr 

15 Aminohydroxy 2.5 hr 

PROCEDURE 4 - 5 -Lipoxygenase Analysis, Therapeutics and Assays 

A. Therapeutics 

For therapeutic use, an animal suspected of having a 
disease characterized by excessive or abnormal supply of 
5-lipoxygenase is treated by administering oligonucleotide 
analogues in accordance with this invention. Persons of 
ordinary skill can easily determine optimum dosages, dosing 
methodologies and repetition rates. Such treatment is 
generally continued until either a cure is effected or a 
diminution in the diseased state is achieved. Long term 
treatment is likely for some diseases. 

B. Research Reagents 

The oligonucleotide analogues of this invention will 
also be useful as research reagents when used to cleave or 
otherwise modulate 5-lipoxygenase mRNA in crude cell lysates 
or in partially purified or wholly purified RNA preparations. 
This application of the invention is accomplished, for 
example, by lysing cells by standard methods, optimally 
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extracting the RNA and then treating it with a composition at 
concentrations ranging, for instance, from about 100 to about 
500 ng per 10 Mg of total RNA in a buffer consisting, for 
example, of 50 mm phosphate, pH ranging from about 4-10 at a 
5 temperature from about 30° to about 50° C. The cleaved 5- 
lipoxygenase RNA can be analyzed by agarose gel 
electrophoresis and hybridization with radiolabeled DNA 
probes or by other standard methods. 
C. Diagnostics 
10 The oligonucleotide analogues of this invention will 

also be useful in diagnostic applications, particularly for 
the determination of the expression of specific mRNA species 
in various tissues or the expression of abnormal or mutant RNA 
species. In this example, the oligonucleotide analogues 
15 target a hypothetical abnormal mRNA by being designed 
complementary to the abnormal sequence, but would not 
hybridize to or cleave the normal mRNA. 

Tissue samples can be homogenized, and RNA extracted by 
standard methods. The crude homogenate or extract can be 
20 treated for example to effect cleavage of the target RNA. The 
product can then be hybridized to a solid support which 
contains a bound oligonucleotide complementary to a region on 
the 5' side of the cleavage site. Both the normal and 
abnormal 5' region of the mRNA would bind to the solid 
25 support. The 3' region of the abnormal RNA, which is cleaved 
by the invention compound, would not be bound to the support 
and therefore would be separated from the normal mRNA. 

Targeted mRNA species for modulation relates to 5- 
lipoxygenase; however, persons of ordinary skill in the art 
30 will appreciate that the present invention is not so limited 
and it is generally applicable. The inhibition or modulation 
of production of the enzyme 5-lipoxygenase is expected to have 
significant therapeutic benefits in the treatment of disease. 
In order to assess the effectiveness of the compositions, an 
35 assay or series of assays is required. 
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D. In Vitro Assays 

The cellular assays for 5-lipoxygenase preferably use 
the human promyelocytic leukemia cell line HL-60. These cells 
can be induced to differentiate into either a monocyte like 
5 cell or neutrophil like cell by various known agents. 

Treatment of the cells with 1.3% dimethyl sulfoxide, DMSO, is 
known to promote differentiation of the cells into 
neutrophils. It has now been found that basal HL-60 cells do 
not synthesize detectable levels of 5-lipoxygenase protein or 

10 secrete leukotrienes (a downstream product of 5-lipoxygenase) . 
Differentiation of the cells with DMSO causes an appearance of 
5-lipoxygenase protein and leukotriene biosynthesis 48 hours 
after addition of DMSO. Thus induction of 5-lipoxygenase 
protein synthesis can be utilized as a test system for 

15 analysis of antisense oligonucleotides analogues which 
interfere with 5-lipoxygenase synthesis in these cells. 

A second test system for antisense oligonucleotides 
makes use of the fact that 5-lipoxygenase is a "suicide" 
enzyme in that it inactivates itself upon reacting with 

20 substrate. Treatment of differentiated HL-60 or other cells 
expressing 5 lipoxygenase, with 10 /xM A23187, a calcium 
ionophore, promotes translocation of 5-lipoxygenase from the 
cytosol to the membrane with subsequent activation of the 
enzyme ♦ Following activation and several rounds of catalysis, 

25 the enzyme becomes catalytically inactive. Thus, treatment of 
the cells with calcium ionophore inactivates endogenous 5- 
lipoxygenase. It takes the cells approximately 24 hours to 
recover from A23187 treatment as measured by their ability to 
synthesize leukotriene B 4 . Oligonucleotide analogues directed 

30 against 5-lipoxygenase can be tested for activity in two HL-60 
model systems using the following quantitative assays. The 
assays are described from the most direct measurement of 
inhibition of 5-lipoxygenase protein synthesis in intact cells 
to more downstream events such as measurement of 5- 

35 lipoxygenase activity in intact cells. 



WO 92/20822 



PCT/US92/04294 



- 75 - 

The most direct effect which oligonucleotide analogues 
can exert on intact cells and which can be easily be 
quantitated is specific inhibition of 5-lipoxygenase protein 
synthesis. To perform this technique, cells can be labelled 
5 with 35 S-methionine (50 /zCi/mL) for 2 hours at 37° C to label 
newly synthesized protein. Cells are extracted to solubilize 
total cellular proteins and 5-lipoxygenase is 
immunoprecipitated with 5-lipoxygenase antibody followed by 
elution from protein A Sepharose beads. The immunoprecip- 
10 itated proteins are resolved by SDS-polyacrylamide gel 

electrophoresis and exposed for autoradiography. The amount 
of immunoprecipitated 5-lipoxygenase is quantitated by 
scanning densitometry. 

A predicted result from these experiments would be as 
15 follows. The amount of 5-lipoxygenase protein immuno- 
precipitated from control cells would be normalized to 100%. 
Treatment of the cells with 1 jzM, 10 juM, and 3 0 /xM of 
effective oligonucleotide analogues for 48 hours would reduce 
immunoprecipitated 5-lipoxygenase by 5%, 25% and 75% of 
20 control, respectively. 

Measurement of 5-lipoxygenase enzyme activity in 
cellular homogenates could also be used to quantitate the 
amount of enzyme present which is capable of synthesizing 
leukotrienes. A radiometric assay has now been developed for 
25 quantitating 5-lipoxygenase enzyme activity in cell 

homogenates using reverse phase HPLC Cells are broken by 
sonication in a buffer containing protease inhibitors and 
EDTA. The cell homogenate is centrifuged at 10,000 x g for 30 
min and the supernatants analyzed for 5-lipoxygenase activity. 
30 Cytosolic proteins are incubated with 10 fM 14 C-arachidonic 
acid, 2mM ATP, 50 /iM free calcium, 100 fxg/ml 

phosphatidylcholine, and 50 mM bis-Tris buffer , pH 7.0, for 5 
min at 37° C. The reactions are quenched by the addition of 
an equal volume of acetone and the fatty acids extracted with 
35 ethyl acetate. The substrate and reaction products are 



WO 92/20822 



PCT/US92/04294 



separated by reverse phase HPLC on a Novapak C18 column 
(Waters Inc., Millford, MA). Radioactive peaks are detected 
by a Beckman model 171 radiochromatography detector. The 
amount of arachidonic acid converted into di-HETE's and mono- 
5 HETE's is used as a measure of 5-lipoxygenase activity. 

A predicted result for treatment of DMSO differentiated 
HL-60 cells for 72 hours with effective oligonucleotide 
analogues at 1 /zM, 10 and 30 /xM would be as follows. 

Control cells oxidize 200 pmol arachidonic acid/ 5 min/ 10 6 
10 cells. Cells treated with 1 aim, 10 /iM, and 30 juM of an 

effective oligonucleotide analogues would oxidize 195 pmol, 
140 pmol, and 60 pmol of arachidonic acid/ 5 min/ 10 6 cells 
respectively. 

A quantitative competitive enzyme linked immunosorbant 

15 assay (ELISA) for the measurement of total 5-lipoxygenase 
protein in cells has been developed. Human 5-lipoxygenase 
expressed in E. coli and purified by extraction, Q-Sepharose, 
hydroxyapatite, and reverse phase HPLC is used as a standard 
and as the primary antigen to coat microtiter plates. 25 ng 

20 of purified 5-lipoxygenase is bound to the microtiter plates 
overnight at 4° C. The wells are blocked for 90 min with 5% 
goat serum diluted in 20 mM Tris^HCL buffer, pH 7.4, in the 
presence of 150 mM NaCl (TBS). Cell extracts (0.2% Triton X- 
100, 12,000 x g for 30 min.) or purified 5-lipoxygenase were 

25 incubated with a 1:4000 dilution of 5-lipoxygenase polyclonal 
antibody in a total volume of 100 fiL in the microtiter wells 
for 90 min. The antibodies are prepared by immunizing rabbits 
with purified human recombinant 5-lipoxygenase. The wells are 
washed with TBS containing 0.05% tween 20 (TBST) , then 

30 incubated with 100 fih of a 1:1000 dilution of peroxidase 

conjugated goat anti-rabbit IgG (Cappel Laboratories, Malvern, 
PA) for 60 min at 25° C. The wells are washed with TBST and 
the amount of peroxidase labelled second antibody determined 
by development with tetramethylbenzidine. 
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Predicted results from such an assay using a 30 mer 
oligonucleotide analogue at 1 fM, 10 (M, and 30 juM would be 30 
ng, 18 ng and 5 ng of 5-lipoxygenase per 10 6 cells, respec- 
tively with untreated cells containing about 34 ng 5- 
5 lipoxygenase. 

A net effect of inhibition of 5-lipoxygenase biosyn- 
thesis is a diminution in the quantities of leukotrienes 
released from stimulated cells. DMSO-dif f erentiated HL-60 
cells release leukotriene B4 upon stimulation with the calcium 

10 ionophore A23187. Leukotriene B4 released into the cell 
medium can be quantitated by radioimmunoassay using 
commercially available diagnostic kits (New England Nuclear, 
Boston, MA) . Leukotriene B4 production can be detected in HL- 
60 cells 4 8 hours following addition of DMSO to differentiate 

15 the cells into a neutrophil-like cell. Cells (2 x 10 5 

cells/mL) will be treated with increasing concentrations of 
oligonucleotide analogues for 48-72 hours in the presence of 
1.3 % DMSO. The cells are washed and re-suspended at a 
concentration of 2 x 10 6 cell/mL in Dulbecco's phosphate 

20 buffered saline containing 1% delipidated bovine serum 

albumin. Cells are stimulated with 10 MM calcium ionophore 
A23187 for 15 min and the quantity of LTB4 produced from 5 x 
10 cell determined by radioimmunoassay as described by the 
manufacturer. 

25 Using this assay the following results would likely be 

obtained with a 15-mer modified linkage bearing antisense 
oligonucleotide (GCAAGGTCACTGAAG) directed to the 5-LO mRNA. 
Cells will be treated for 72 hours with either 1 fM, 10 juM or 
30 fiM. oligonucleotide analogue in the presence of 1.3% DMSO. 

30 The quantity of LTB 4 produced from 5 x 10 5 cells would be 
expected to be about 75 pg, 50 pg, and 3 5 pg, respectively 
with untreated differentiated cells producing 75 pg LTB 4 . 
£• In Vivo Assay 

Inhibition of the production of 5-lipoxygenase in the 
35 mouse can be demonstrated in accordance with the following 
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protocol. Topical application of arachidonic acid results in 
the rapid production of leukotriene B 4 , leukotriene C 4 and 
prostaglandin E 2 in the skin followed by edema and cellular 
infiltration. Certain inhibitors of 5-lipoxygenase have been 
5 known to exhibit activity in this assay. For the assay, 2 mg 
of arachidonic acid is applied to a mouse ear with the 
contralateral ear serving as a control. The polymorphonuclear 
cell "infiltrate is assayed by myeloperoxidase activity in 
homogenates taken from a biopsy 1 hour following the 

10 administration of arachidonic acid. The edematous response is 
guantitated by measurement of ear thickness and wet weight of 
a punch biopsy. Measurement of leukotriene B 4 produced in 
biopsy specimens is performed as a direct measurement of 5- 
lipoxygenase activity in the tissue. Oligonucleotide analogues 

15 will be applied topically to both ears 12 to 24 hours prior to 
administration of arachidonic acid to allow optimal activity 
of the compounds. Both ears are pretreated for 24 hours with 
either 0.1 /xmol, 0.3 /imol, or 1.0 /nnol of the oligonucleotide 
analogue prior to challenge with arachidonic acid. Values are 

20 expressed as the mean for three animals per concentration. 
Inhibition of polymorphonuclear cell infiltration for 0.1 
pmol, 0.3 pmol, and 1 /xmol is expected to be about 10 %, 75 % 
and 92 % of control activity, respectively. Inhibition of 
edema is expected to be about 3 %, 58% and 90%, respectively 

25 while inhibition of leukotriene B 4 production would be 
expected to be about 15 %, 79% and 99%, respectively. 
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WHAT IS CLAIMED IS: 

1. An oligonucleotide analogue in which at least some 
of the subunits of the analogue have the structure: 



x 



wherein 

5 B x is a variable base moiety; 

Q is O, CH 2 , CHF or CF 2 ; 

X is H; OH; C, to C 10 lower alkyl, substituted lower 
alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; O- 
, S-, or N-alkyl; O-, S-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; ON0 2 ; 

10 N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocycloalkaryl; 

aminoalkyl amino; polyalkylamino; substituted silyl; an RNA 
cleaving group; a group for improving the pharmacokinetic 
properties of an oligonucleotide"; or a group for improving the 
pharmacodynamic properties of an oligonucleotide; 

15 L i and L 4 are, independently, CH 2 , C=0, C=S, C-NH 2 , C- 

NHR 3 , C-OH, C-SH, C-O-R, or C-S-R,; and 

1-2 and 1,3 are, independently, CR 1 R 2 , C=CR 1 R 2 , C=NR 3 , 
P(0)R 4 , P(S)R 4 , C=0, C=S, 0, S, SO, S0 2 , NR 3 or SiRgR^- or, 
together, form part of an alkene, alkyne, aromatic ring, 

20 carbocycle or heterocycle, or 

L 1' L 2' ^ and L 4' together, comprise a -CH=N-NH-CH 2 - or 
-CH 2 -0-N=CH- moiety; 
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R, and R 2 are, independently, H; OH; SH; NH 2 ; to C 10 
alkyl, substituted alkyl, alkenyl, alkaryl or aralkyl; alkoxy; 
thioalkoxy; alkylamino; aralky lamino ; substituted alkylamino; 
heterocycloalkyl ; heterocycloalkylamino ; aminoalkylamino ; 
5 polyalky lamino; halo; formyl; keto; benzoxy; carboxamido; 
thiocarboxamido; ester; thioester; carboxamidine ; carbamyl; 
ureido; guanidino; an RNA cleaving group; a group for 
improving the pharmacokinetic properties of an 
oligonucleotide; or a group for improving the pharmacodynamic 
10 properties of an oligonucleotide; 

r 3 is H, OH, NH 2 , lower alkyl, substituted lower alkyl, 
alkoxy, lower alkenyl, aralkyl, alkylamino, aralkylamino, 
substituted alkylamino, heterocyclocalkyl, 

heterocycloalky lamino , aminoalkylamino, polyalkylamino, a RNA 
15 cleaving group, a group for improving the pharmacokinetic 

properties of an oligonucleotide and a group for improving the 
pharmacodynamic properties of an oligonucleotide; 

R 4 is OH, SH, NH 2 , O-alkyl, S-alkyl, NH-alkyl, O- 
alkylheterocyclo, S-alkylheterocyclo , N-alkylheterocyclo or a 
20 nitrogen-containing heterocycle; and 

1*5 and R 6 are, independently, C 1 to C 6 alkyl or alkoxy; 
provided that if L 1 is C=0 or C=S then L 2 is not NR 3 or if L 4 
is C=0 or C=S then L3 is not NR 3 ; and that if one of or L3 
is C=0 or C=S then the other of L 2 or L3 is not NR 3 ; L 2 is 
25 P(0)R 4 and R 4 is OH and X is OH and B x is uracil or adenine, 
then L3 is not O; and that if L 1# L 2 and L 4 are CH 2 and X is H 
or OH and Q is O then 1^ is not S, SO or S0 2 . 

2. The oligonucleotide analogue of claim 1 wherein Q 

is 0. 

30 3. The oligonucleotide analogue of claim 1 wherein 

each of K, and L 4 are CR 1 R 2 . 

4. The oligonucleotide analogue of claim 3 wherein R 1 
and R 2 are each H. 

5. The oligonucleotide analogue of claim 4 wherein Q 

35 is O. 
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6. The oligonucleotide analogue of claim 1 wherein L 2 
and L3 are, independently, CR,R 2 , 0, P(0)R 4/ P(S)R 4 or NR 3 . 

7. The oligonucleotide analogue of claim 6 wherein 
one of L 2 and L3 is CR 1 R 2 and the other of L 2 and 1^ is P(0)R 4 

5 or P(S)R 4 . 

8. The oligonucleotide analogue of claim 6 wherein L 2 
is O and L3 is P(0)R 4 or P(S)R 4 . 

9. The oligonucleotide analogue of claim 1 wherein 
each of L 2 and L3 is NR 3 . 

10 10. The oligonucleotide analogue of claim 9 wherein R 3 

is H. 

11. The oligonucleotide analogue of claim 1 wherein L 1 
and L 4 are each CH 2 and each of L 2 and L3 are NR 3 . 

12. The oligonucleotide analogue of claim 1 wherein L 2 
15 and taken together form a portion of a cyclopropyl, 

cyclobutyl, ethyleneoxy, ethyl aziridine or substituted ethyl 
aziridine ring. 

13. The oligonucleotide analogue of claim 1 wherein L 2 
and 1^ taken together form a portion of a C 3 to C 6 carbocycle 

20 or 4-, 5-or 6-membered nitrogen heterocycle. 

14. The oligonucleotide analogue of claim 1 wherein X 

is H. 

15. The oligonucleotide analogue of claim 1 wherein X 

is OH. 

25 16. The oligonucleotide analogue of claim 1 wherein X 

is H, OH, F, 0-alkyl or O-alkenyl and Q is O. 

17. The oligonucleotide analogue of claim 1 wherein B x 

is adenine, guanine, uracil, thymine, cytosine, 2-amino- 

adenosine or 5-methylcytosine. 
30 18. The oligonucleotide analogue of claim 17 wherein Q 

is 0. 

19. The oligonucleotide analogue of claim 21 wherein 
L,, and L 4 are each CH 2 . 

20. The oligonucleotide analogue of claim 19 wherein 

35 L 2 and 
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are each NH. 

21. The oligonucleotide analogue of claim 19 wherein 
one of 1*2 and Lj is O and the other of L 2 and L3 is NH. 

22. The oligonucleotide analogue of claim 19 wherein 
5 is NH and is O. 

23. The oligonucleotide analogue of claim 21 wherein 
is O and L3 is NH. 

24. The oligonucleotide analogue of claim 1 comprising 
from about 5 to about 50 subunits having said structure. 

10 25. The oligonucleotide analogue of claim 1 wherein 

substantially all of the subunits have said structure. 

26. The oligonucleotide analogue of claim 1 wherein 
substantially alternating subunits have said structure. 

27. The oligonucleotide analogue of claim 1 in a 
15 pharmaceutical^ acceptable carrier. 

28. The oligonucleotide analogue of claim 1 which 
exhibits improved nuclease resistance as compared to 
corresponding natural oligonucleotides. 

29. A method for modulating the production or activity 
20 of a protein in an organism comprising contacting the organism 

with an oligonucleotide analogue specifically hybridizable 
with at least a portion of a nucleic acid sequence coding for 
said protein, wherein at least some of the subunits of the 
analogue have the structure: 
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wherein 

B x is a variable base moiety; 
Q is O, CH 2 , CHF or CF 2 ; 

X is H; OH; C 1 to C 10 lower alkyl, substituted lower 
5 alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; O-, 
S-, or N-alkyl; 0-, S-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; ON0 2 ; N0 2 ; 
N 3 ; NH 2 ; heterocycloalkyl; heterocycloalkaryl; aminoalkyl- 
aiaino; polyalkylamino; substituted silyl; an RNA cleaving 
group; a group for improving the pharmacokinetic properties of 
10 an oligonucleotide; or a group for improving the 
pharmacodynamic properties of an oligonucleotide; 

and L 4 are, independently, CH 2 , C=0, C=S, C-NH 2 , C- 
NHR 3 , C-OH, C-SH, C-O^ or C-S-R,; and 

L 2 and 1^ are, independently, CR 1 R 2 , C=CR 1 R 2 , C=NR 3 , 
15 P(0)R 4 , P(S)R 4 , C=0, C=S, O, S, SO, S0 2 , NR 3 or SiR5R 6 ; or, 
together, form part of an alkene, alkyne, aromatic ring, 
carbocycle or heterocycle, or 

L 1f L 2 , 1^ and L 4 , together, comprise a -CH=N-NH-CH 2 - or 
-CH 2 -0-N=CH- moiety; 
20 R 1 and R 2 are, independently, H; OH; SH; NH 2 ; q to C 10 

alkyl, substituted alkyl, alkenyl, alkaryl or aralkyl; alkoxy; 
thioalkoxy; alkylamino; aralkylamino; substituted alkylamino; 
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heterocycloalkyl ; heterocycloalky lamino ; aminoalky lamino ; 

polyalky lamino; halo; formyl; keto; benzoxy; carboxamido; 

thiocarboxamido; ester; thioester; car boxami dine; carbamyl; 

ureido; guanidino; an RNA cleaving group; a group for 
5 improving the pharmacokinetic properties of an 

oligonucleotide; or a group for improving the pharmacodynamic 

properties of an oligonucleotide; 

r 3 is H, OH, NH 2 , lower alkyl, substituted lower alkyl, 

alkoxy, lower alkenyl, aralkyl, alky lamino, ar alky lamino, 
10 substituted alkylamino, heterocyclocalkyl, heterocyclo- 

alky lamino, aminoalkylamino, polyalky lamino, an RNA cleaving 

group, a group for improving the pharmacokinetic properties of 

an oligonucleotide and a group for improving the 

pharmacodynamic properties of an oligonucleotide; 
15 R 4 is OH, SH, NH 2 , 0-alkyl, S-alkyl, NH-alkyl, O- 

alkylheterocycle, S-alkylheterocycle, N-alkylheterocycle or a 

nitrogen-containing heterocycle; and 

R5 and R 6 are, independently, q to C 6 alkyl or alkoxy; 

provided if L T is C=0 or C=S then L 2 is not NR 3 or if L 4 is C=0 
20 or C=S then L3 is not NR 3 ; and that if one of L 2 or L3 is C=0 

or C=S then the other of L 2 or L3 is not NR 3 ; and that if L 2 is 

P(0)R 4 and R 4 is OH and X is OH and B x is uracil or adenine, 

then L3 is not O; and that if L 1# L 2 and L 4 are CH 2 and X is H 

or OH and Q is 0 then 1^ is not S, SO or S0 2 . 
25 30. The method of claim 29 wherein Q is O, 

31. The method of claim 29 wherein each of L, and L 4 
are CR 1 R 2 . 

32. The method of claim 31 wherein R 1 and R 2 are each 

33. The method of claim 32 wherein Q is 0. 

30 34. The method of claim 29 wherein L 2 and L3 are, 

independently, CR^, O, P(0)R 4 , P(S)R 4 or NR 3 . 

35. The method of claim 34 wherein one of L 2 and Lj is 
CR t R 2 and the other of L 2 and Lj is P(0)R 4 or P(S)R 4 . 

36. The method of claim 34 wherein L 2 is 0 and Lj is 
35 P(0)R 4 or P(S)R 4 . 
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37. The method of claim 29 wherein each of L 2 and L3 

is NR 3 . 

38. The oligonucleotide analogue of claim 37 wherein 
R 3 is H. 

39. The method of claim 29 wherein L, and L 4 are each 
CH 2 and each of L 2 and 1^ are NR 3 . 

40. The method of claim 29 wherein L 2 and L3 taken 
together form a portion of a cyclopropyl, cyclobutyl, ethy- 
leneoxy, ethyl aziridine or substituted ethyl aziridine ring. 

41. The method of claim 29 wherein L 2 and L3 taken 
together form a portion of a C 3 to C 6 carbocycle or 4-, 5-or 
6-membered nitrogen heterocycle. 

42. The method of claim 29 wherein X is H. 

43. The method of claim 29 wherein X is OH. 

44. The method of claim 29 wherein X is H, OH, F, O- 
alkyl or 0-alkenyl and Q is O. 

45. The method of claim 29 wherein B x is adenine, 
guanine, uracil, thymine, cytosine, 2-aminoadenosine or 5- 
methylcytosine . 

The method of claim 45 wherein Q is O. 
The method of claim 4 6 wherein L 1 and L 4 are each 

The method of claim 47 wherein L 2 and are each 

The method of claim 47 wherein one of L 2 and L 3 is 
O and the other of L 2 and Lj is NH. 

50. The method of claim 47 wherein L 2 is NH and L 3 is 

0. 

51. The method of claim 47 wherein L 2 is 0 and 1^ is 

30 NH. 

52. The method of claim 29 wherein the oligonucleotide 
analogue comprises from about 5 to about 50 subunits having 
said structure. 



20 



CH 2 . 



NH. 



25 



46, 
47, 

48. 

49. 
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53. The method of claim 29 wherein substantially all 
of the subunits of the oligonucleotide analogue have said 
structure. 

54. The method of claim 29 wherein substantially 

5 alternating subunits of the oligonucleotide analogue have said 
structure. 

55. The method of claim 29 wherein the oligonucleotide 
analogue is in a pharmaceutically acceptable carrier. 

56. The method of claim 29 wherein the oligonucleotide 
10 analogue exhibits improved nuclease resistance as compared to 

corresponding natural oligonucleotides. 

57. A method for treating an organism having a disease 
characterized by the undesired production of a protein 
comprising contacting the organism with an oligonucleotide 

15 analogue hybridizable with at least a portion of a nucleic 
acid sequence coding for said protein, either alone or in a 
pharmaceutically acceptable carrier, wherein at least some of 
the subunits of the analogue have the structure: 




wherein 

20 B x is a variable base moiety; 

Q is 0, CH 2 , CHF or CF 2 ; 
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X is H; OH; C 1 to c 10 lower alkyl, substituted lower 
alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; O- 
, S-, or N-alkyl; 0-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; ON0 2 ; 

N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocycloalkaryl; 
5 aminoalkylamino; polyalkylamino; substituted silyl; an RNA 
cleaving group; a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving the 
pharmacodynamic properties of an oligonucleotide; 

Lj and L 4 are, independently, CH 2 ,C=0, 0=5, C-NH 2 , C- 
10 NHR 3 , C-OH, C-SH, C-O-R, or C-S-R^- and 

L 2 and 1^ are, independently, CR^, 0=0^^, C=NR 3 , 
P(0)R 4 , P(S)R 4 , C=0, C=S, O f S, SO, S0 2 , NR 3 or SiR 5 R 6 ; or, 
together, form part of an alkene, alkyne, aromatic ring, 
carbocycle or heterocycle, or 
15 L t , L 2 , L3 and L 4 , together, comprise a -CH=N-NH-CH 2 - or 

-CH 2 -0-N=CH- moiety; 

^1 a nd R 2 are, independently, H; OH; SH; NH 2 ; C 1 to C 10 
alkyl, substituted alkyl, alkenyl, alkaryl or aralkyl; alkoxy; 
thioalkoxy; alkylamino; aralkylamino; substituted alkylamino; 
20 heterocycloalkyl; heterocycloalkylamino; aminoalkylamino; 
polyalkylamino; halo; formyl; keto; benzoxy; carboxamido; 
thiocarboxamido; ester; thioester; carboxamidine; carbamyl; 
ureido; guanidino; an RNA cleaving group; a group for 
improving the pharmacokinetic properties of an 
25 oligonucleotide; or a group for improving the pharmacodynamic 
properties of an oligonucleotide; 

R 3 is H, OH, NH 2 , lower alkyl, substituted lower alkyl, 
alkoxy, lower alkenyl, aralkyl, alkylamino, aralkylamino, 
substituted alkylamino, heterocyclocalkyl, 
30 heterocycloalkylamino, aminoalkylamino, polyalkylamino, an RNA 
cleaving group, a group for improving the pharmacokinetic 
properties of an oligonucleotide and a group for improving the 
pharmacodynamic properties of an oligonucleotide; 
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R 4 is OH, SH, NH 2 , O-alkyl, S-alkyl, NH-alkyl, O- 
alkylheterocycle, S-alkylheterocycle, N-alkylheterocycle or a 
nitrogen-containing heterocycle; and 

% and R 6 are, independently, q to C 6 alkyl or alkoxy; 
5 provided if L t is C=0 or C=S then L 2 is not NR 3 or if L 4 is C=0 
or C=S then is not NR 3 ; and that if one of L 2 or L3 is C=0 
or C=S then the other of L 2 or L3 is not NR 3 ; and that if L 2 is 
P(0)R 4 and R 4 is OH and X is OH and B x is uracil or adenine 
then 1*3 is not O; and that if L 1# L 2 and L 4 are CH 2 and X is H 
10 or OH and Q is O then L3 is not S, SO or S0 2 . 

58. The method of claim 57 wherein Q is O. 

59. The method of claim 57 wherein each of and L 4 
are RjR 2 . 

60. The method of claim 59 wherein R-, and R 2 are each 

15 H. 

61. The method of claim 60 wherein Q is O. 

62. The method of claim 57 wherein L 2 and L3 are, 
independently, CR 1 R 2 , O, P(0)R 4/ P(S)R 4 or NR 3 . 

63. The method of claim 62 wherein one of L 2 and Lj is 
20 CR % R Z and the other of L 2 and 1^ is P(0)R 4 or P(S)R 4 . 

64. The method of claim 62 wherein L 2 is O and Lj is 
P(0)R 4 or P(S)R 4 . 

65. The method of claim 57 wherein each of L 2 and 

is NR 3 . 

25 66. The method of claim 65 wherein R 3 is H. 

67. The method of claim 57 wherein L 1 and L 4 are each 
CH 2 and each of L 2 and 1^ are NR 3 . 

68. The method of claim 57 wherein L 2 and taken 
together form a portion of a cyclopropyl, cyclobutyl, 

30 ethyleneoxy, ethyl aziridine or substituted ethyl aziridine 
ring. 

69. The method of claim 57 wherein L 2 and taken 
together form a portion of a C 3 to C 6 carbocycle or 4-, 5 -or 
6-membered nitrogen heterocycle. 

35 70. The method of claim 57 wherein X is H. 
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71. The method of claim 57 wherein X is OH. 

72. The method of claim 57 wherein X is H, OH, F, O- 
alkyl or O-alkenyl and Q is O. 

73. The method of claim 57 wherein B x is adenine, 

5 guanine, uracil, thymine, cytosine, 2-aminoadenosine or 5- 
methy lcytosine . 

74. The method of claim 73 wherein Q is O. 

75. The method of claim 74 wherein L., and L 4 are each 

CH 2 . 

10 76. The method of claim 75 wherein L 2 and L3 are each 

NH. 

77. The method of claim 75 wherein one of L 2 and L3 is 
O and the other of L 2 and L3 is NH. 

78. The method of claim 75 wherein L 2 is NH and 1^ is 

15 0. 

79. The method of claim 75 wherein L 2 is O and L3 is 

NH. 

80. The method of claim 57 wherein the oligonucleotide 
analogue comprises from about 5 to about 50 subunits having 

20 said structure. 

81. The method of claim 57 wherein substantially all 
of the subunits of the oligonucleotide analogue have said 
structure . 

82. The method of claim 57 wherein substantially 

25 alternating subunits of the oligonucleotide analogue have said 
structure . 

83. The method of claim 57 wherein the oligonucleotide 
analogue is in a pharmaceutically acceptable carrier. 

84. The method of claim 57 wherein the oligonucleotide 
30 analogue exhibits improved nuclease resistance as compared to 

corresponding natural oligonucleotides. 

85. A method for synthesizing an oligonucleotide 
analogue of claim 1 comprising: 

providing a first moiety comprising the structure: 
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and a second 
moiety comprising the 
structure: 



a" 



wherein B x is a variable base moiety; 
5 Q is O, CH 2 , CHF or CF 2 ; 

and E 1 and E 2 are the same or different and are 
electrophilic reactive groups; and 

coupling said first and second moieties with a linking 
group through said electrophilic reactive groups to form said 

10 oligonucleotide analogue. 

86. The method of claim 85 wherein the electrophilic 
reactive group of the first moiety comprises halomethyl, 
trifluoromethyl, sulf onylmethyl, p-methyl-benzene sulfonyl- 
methyl f or 3'-C-formyl. 

15 87. The method of claim 85 wherein the electrophilic 

reactive group of the second moiety comprises halogen, 
sulf onylmethyl, p-methyl-benzene sulfonyl methyl, or aldehyde. 

88. The method of claim 85 wherein said linking group 
is hydrazine or hydroxy lamine . 

20 89. The method of claim 85 wherein at least one 

portion of said oligonucleotide analogue is incorporated into 
a further oligonucleotide species to provide said further 
oligonucleotide analogue with natural phosphodiester bonds 
substantially alternating with areas so coupled. 

25 90. The method of claim 89 wherein said incorporation 

is achieved by phosphodiester linkage of a desired sequence of 
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dinucleotides, said dinucleotides having been previously so 
coupled. 

91. A nucleoside having the structure: 



X 



wherein 

5 B x is a variable base moiety; 

Q is O, CH 2 , CHF or CF 2 ; 

X is H; OH; c, to C 10 lower alkyl, substituted lower 
alkyl, alkaryl or aralkyl; F; CI; Br; CN; CF 3 ; OCF 3 ; OCN; O- 
, or N-alkyl; O-, S-, or N-alkenyl; SOCH 3 ; S0 2 CH 3 ; ON0 2 ; 

10 N0 2 ; N 3 ; NH 2 ; heterocycloalkyl ; heterocycloalkaryl; 

aminoalkylamino; polyalkylamino; substituted silyl; an RNA 
cleaving group; a group for improving the pharmacokinetic 
properties of an oligonucleotide; or a group for improving the 
pharmacodynamic properties of an oligonucleotide; 

15 Y is hydroxy 1, aminomethyl, hydrazinomethyl, 

hydroxymethy 1 , Oformyl, phthalimidohydroxymethyl, aryl- 
substituted imidazolidino, aminohydroxy lmethy 1 , ortho- 
methyl aminobenzenethio, methylphosphonate and methyl- 
alky lphosphonate ; 

20 2 is H, hydroxyl, aminomethyl, hydrazinomethyl, 

hydroxymethy 1, C-formyl, phthalimidohydroxymethyl, aryl 
substituted imidazolidino, aminohydroxy lmethyl, ortho 
methylaminobenzenethio, methylphosphonate or methyl 
alky lphosphonate ; 

25 provided that when Q is O and Y is hydroxymethy 1 and X 

is H or OH then Z is not H or Oformyl; and 
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further provided that when Q is O and X is H or OH and 
Z is hydroxy 1 then Y is not aminohydroxy lmethy 1 , 
hydrazinomethyl or aryl-substituted imidazolidino. 

92. A nucleoside of claim 91 wherein X is H or OH. 
5 93. A nucleoside of claim 91 wherein Q is O. 

94. A method for synthesizing an oligonucleotide 
analogue of claim 1 comprising: 

generating a radical at the 3 ' carbon atom of a 
pentofuranosyl nucleoside; and 
10 reacting said radical with an oxime moiety pendent on 

the 5 ' position of a further pentofuranosyl nucleoside. 
95 . A method of protecting the L 2 or L3 nitrogen moiety in 
a oligonucleotide analogue of claim 1 wherein one of L 2 or Lj 
is NR 3 and R 3 is H comprising: 
15 blocking said nitrogen moiety with phenoxyacetyl- 

chloride; 

further reacting said oligonucleotide analogue to 
modify said oligonucleotide; and 

deblocking said nitrogen moiety with ammonium 
20 hydroxide. 

96. A method of protecting a bifunctional nucleoside 
or oligonucleotide analogue wherein in one of the 
bifunctionalities is an aldehyde comprising: 

reacting said aldehyde with a methoxyamine acid salt to 
25 form an oxime derivative with said aldehyde; 

further reacting said nucleoside or oligonucleoside 
analogue to modify said nucleoside or oligonucleotide 
analogue; and 

reacting said oxime with an acetaldehyde to regenerate 
30 said aldehyde. 
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